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ABSTRACT 
Thomas C. Caya 
Diastereoselective, Alkoxide-Directed Diborations of Alkenyl Alcohols 
(Under the direction of James P. Morken) 
 
The metal-catalyzed diboration of alkenes has gained fame as a practical 
methodology for use in the stereoselective construction of complex organic molecules 
and synthetic building blocks.  The created carbon-boron bonds have tremendous 
versatility and can easily be manipulated into carbon-carbon or carbon-heteroatom bonds.  
Unfortunately, metal-catalyzed diborations often suffer from limitations such as substrate 
specificity.  To address these issues, we investigated diboration reactions in the absence 
of transition-metal catalysts.  Herein is presented a transition-metal-free, 
diastereoselective diboration methodology utilizing alkenyl alcohols as substrates.  
Allylic alcohols can be treated with an organolithium base and bis(pinacolato)diboron to 
generate 1,2,3-triols upon oxidation.  Most studies were done on homoallylic alcohols, 
which can be performed using a carbonate base and an alcohol additive.  This 
methodology has many strengths, such as a wide substrate scope and high levels of 
diastereoselectivity.  Further investigations into product functionalization and synthetic 
applications will be pursued in due time. 
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I.  Introduction 
 The principal goal of nearly all synthetic organic chemists is to construct highly 
complex molecules in a stereoselective fashion and in as few steps as possible.  In 
keeping with this, the development of stereoselective methodologies for the synthesis of 
1,2-bisboronate compounds continues to be a topic of interest.
1
  The power of these 
organoboron intermediates in synthetic chemistry cannot be understated; numerous 
examples of organoboron transformations in organic synthesis exist in the literature and 
more continue to be reported.
2
  By analogy, new ways to promote the addition of two 
boryl groups across an unsaturated carbon-carbon bond continue to be investigated.  In 
the first chapter of this thesis, previously reported 1,2-diboration methods will be 
reviewed.  In the following chapter, our contribution to this field will be disclosed. 
A.  Transition-Metal-Catalyzed Alkene Diboration 
 The majority of 1,2-diborations reported in the literature are performed in the 
presence of a transition metal catalyst.  By the early 1990s, additions of different metal-
boron compounds (such as Si-B and Sn-B compounds) to alkynes
3
 were already known, 
but the first practical diboron addition to an unsaturated hydrocarbon was reported by 
Suzuki and Miyaura.
4
  The authors reported the syn addition of bench-stable 
bis(pinacolato)diboron (B2(pin)2) to an alkyne catalyzed by a platinum(0) source (Scheme  
_______________________________________ 
1
  a)  Dembitsky, V. M.; Ali, H. A.; Srebnik, M.  Appl. Organomet. Chem. 2003, 17, 327-345.  b) Takaya, 
J.; Iwasawa, N.  ACS Catal. 2012, 2, 1993-2006. 
2
  Mlynarski, S. N.; Schuster, C. H.; Morken, J. P.  Nature 2014, 505, 386-390. 
3
  Nozaki, K.; Wakamatsu, K.; Nonaka, T.; Tuckmantel, W.; Oshima, K.; Utimoto, K.  Tetrahedron Lett. 
1986, 27, 2007-2010. 
4
  Ishiyama, T.; Matsuda, N.; Miyaura, N.; Suzuki, A.  J. Am. Chem. Soc. 1993, 115, 11018-11019. 
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1).  This initial report laid the foundation for metal-catalyzed alkene diborations that were 
to begin appearing in the literature only a short time later. 
Scheme 1.  Platinum-catalyzed addition of B2(pin)2 to alkynes 
 
 (i)  Rhodium-Catalyzed Diborations 
 The platinum(0) catalyst reported by Suzuki and Miyaura was ineffective in 
alkene diborations, prompting further studies into this reaction.  In 1995, Marder and 
coworkers were the first to report a rhodium-catalyzed diboration of styrenes
 
with 
bis(catecholato)diboron (B2(cat)2).
5
  Initial studies with known hydroboration catalysts 
(such as Wilkinson's catalyst) gave minute amounts of the desired 1,2-bisboronate, with 
the formation of hydroboration products being heavily favored.  The use of rhodium 
complex 1.01 as the catalyst system resulted in higher yields of the diboration product, 
but significant amounts of hydroboration products were still formed (Scheme 2).  A 
follow-up report by Marder and coworkers elaborated on similar rhodium complexes that 
gave significantly higher yields of 1,2-bisboronates and worked on internal alkenes such 
as norbornene and both isomers of stilbene.
6 
 
 
 
_______________________________________ 
5
  Baker, T. R.; Nguyen, P.; Marder, T. B.; Westcott, S. A.  Angew. Chem. Int. Ed. 1995, 34, 1336-1338. 
6
  Dai, C.; Robins, E. G.; Scott, A. J.; Clegg, W.; Yufit, D. S.; Howard, J. A. K.; Marder, T. B.  Chem. 
Commun. 1998, 1983-1984. 
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Scheme 2.  Initial report of rhodium-catalyzed diboration with B2(cat)2 
 
 In Marder's first report, a catalytic cycle is proposed that is related to the alkyne 
diboration mechanism given by Suzuki and Miyaura.  In this case, oxidative insertion by 
rhodium into the boron-boron bond of B2(cat)2 to form 1.02 is followed by migratory 
insertion of the alkene to give complex 1.03.  Reductive elimination leads to the desired 
1,2-bisboronate product.  This step competes with β-hydride elimination to form 
alkenylboron compounds that can undergo subsequent boryl additions (Scheme 3). 
Scheme 3.  Proposed mechanism for Rh-catalyzed diboration 
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 The first example of an asymmetric rhodium-catalyzed diboration of alkenes was 
reported by Morken and coworkers.
7
  Using a rhodium catalyst and (S)-Quinap, a ligand 
utilized in Brown's enantioselective hydroboration methodology,
8
 B2(cat)2 was 
successfully added to a variety of internal alkenes.  Following oxidation, 
enantiomerically enriched 1,2-diols were obtained in respectable yields and high levels of 
stereoselectivity (up to >98% ee) (Scheme 4a).  Furthermore, to demonstrate the utility of 
the organoboron intermediates a pinacol exhange/Matteson homologation/oxidation 
sequence was performed, leading to the isolation of an enantiomerically enriched 1,4-diol 
(Scheme 4b). 
Scheme 4.  Enantioselective rhodium-catalyzed alkene diboration 
 
 
 
 
 
 
_______________________________________ 
7
  Morgan, J. B.; Miller, S. P.; Morken, J. P.  J. Am. Chem. Soc. 2003, 125, 8702-8703. 
8
  (a) Brown, J. M.; Hulmes, D. I.; Layzell, T. P. J. Chem. Soc. Chem. Commun. 1993, 1673.  (b)  Valk, J. 
M.; Whitlock, G. A.; Layzell, T. P.; Brown, J. M. Tetrahedron Asymm. 1995, 6, 2593. 
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 A subsequent publication by the Morken group expanded the substrate scope, 
reporting examples of terminal alkenes undergoing diboration with good yields and 
enantioselectivity.
9
  It is worth noting that several substrate classes furnished either poor 
yields or decreased levels of enantioselectivity.  Terminal alkenes, with the exception of 
substrates bearing allylic substitution, typically gave reduced enantioselectivty (<70%).  
Sterically hindered alkenes, such as 1,1-disubstituted and trisubstituted alkenes, also gave 
low yields and/or enantioselectivities.  
 A recent report by the Nishiyama group describes the enantioselecive diboration 
of terminal alkenes with B2(pin)2 and chiral [Rh(Phebox-iPr)] catalyst to afford 
enantiomerically enriched 1,2-diols following oxidation (Scheme 5).
10
  The diboration 
works especially well for vinyl arenes, with all such substrates yielding chiral diols in at 
least 95% ee.  Most non-aryl substrates provide similar results but the reaction is limited 
to terminal alkenes, a notable drawback of the reaction. 
Scheme 5.  [Rh(Phebox-iPr)] catalyzed diboration/oxidation of terminal alkenes 
 
 
 
_______________________________________ 
9
  Trudeau, S.; Morgan, J. B.; Shrestha, M.; Morken, J. P.  J. Org. Chem. 2005, 70, 9538-9544. 
10
  Toribatake, K.; Nishiyama, H.  Angew. Chem. Int. Ed. 2013, 52, 11011-11015. 
6 
 
(ii)  Platinum-Catalyzed Diborations 
 While Marder and coworkers reported the first alkene diboration utilizing 
rhodium, Miyaura followed soon thereafter with platinum-catalyzed diborations of 
alkenes.
11
  The platinum(0) phosphine complex used in the previous report of alkyne 
diboration proved to be ineffective with alkenes.  However, it was discovered that the 
more active platinum(0) dibenzylideneacetone catalyst effectively promotes the 
diboration of terminal and strained internal alkenes with B2(pin)2 (Scheme 6).  The fact 
that highly strained alkenes must be used due to the slower reactivity of unstrained 
internal alkenes limits the scope of the reaction.  Substrates such as stilbene and 
cyclohexene were completely unreactive.  While this early reaction is not asymmetric, the 
authors determined that the diboration results in a syn addition of two boryl groups across 
an alkene.  This was realized from 
1
H NMR studies of cyclopentane-1,2-diol obtained 
after a diboration/oxidation sequence with cyclopentene. 
Scheme 6.  Platinum-catalyzed diborations using Pt(dba)2 and B2(pin)2 
 
  
 
 
 
_______________________________________ 
11  
Ishiyama, T.; Yamamoto, M.; Miyaura, N.  Chem. Commun. 1997, 689-690. 
7 
 
 Shortly after Miyaura's publication, another report of platinum-catalyzed alkene 
diboration was presented by the Smith group.
12
  Using phosphine-free platinum sources, 
specifically Pt(nbe)3 (nbe = norbornene) or Pt(cod)2 (cod = 1,5-cyclooctadiene), the 
authors reported clean addition of B2(cat)2 to terminal alkenes, norbornene, and 
norbornadiene (Scheme 7a).  Full consumption of terminal alkenes is observed after only 
ten minutes at room temperature with the Pt(cod)2 catalyst.  Furthermore, other functional 
groups (chloride and ester) are tolerated as long as they are not located at the allylic 
position.  Unfortunately, the authors report that internal alkenes  such as trans-3-hexene 
give complicated mixtures of alkylborane products as well as catecholborane (HBcat) and 
B2(cat)3 (Scheme 7b).  Presumably HBcat is formed from competing β-hydride 
elimination during the reductive elimination step of the mechanism. 
Scheme 7.  Pt(cod)2 and Pt(nbe)3 catalyzed diborations 
 
 The first attempts at stereoselective diborations performed under platinum 
catalysis were done by Marder and coworkers.
13
  These experiments were conducted with 
vinyl arenes and diborons that were prepared from chiral diols.  Generally, the selectivity  
______________________________________ 
12
  Iverson, C. N.; Smith III, M. R.  Organometallics 1997, 16, 2757-2759. 
13
  Marder, T. B.; Norman, N. C.; Rice, C. R.  Tetrahedron Lett. 1998, 39, 155-158. 
8 
 
in the reported products is not practical.  The highest value is a diastereomeric excess of 
60% (based on 
1
H NMR analysis) when diboron 1.04 is used with p-methoxystyrene, 
giving product 1.05.  It should also be noted that the configuration of the major 
diastereomer was not determined.  Despite its drawbacks, this study by Marder 
demonstrates the potential to perform platinum-catalyzed diborations diastereoselectively 
(Scheme 8). 
Scheme 8.  Early platinum-catalyzed diastereoselective diboration with chiral diborons 
 
 Expanding off of research into enantioselective 1,4-diboration of 1,3-dienes,
14
 the 
Morken group reported an asymmetric diboration of terminal alkenes using Pt(dba)3 and 
chiral, TADDOL-based phosphonite ligand (R,R)-L1 (Scheme 9).
15
  Despite only being 
effective with monosubstituted alkenes, there are several substrates where better yields 
and higher enantiomeric excess of product is obtained compared to the diboration using 
rhodium and (S)-Quinap. 
 
 
 
_______________________________________ 
14
  Burks, H. E.; Kliman, L. T.; Morken, J. P.  J. Am. Chem. Soc. 2009, 131, 9134-9135. 
15
  Kliman, L. T.; Mlynarski, S. N.; Morken, J. P.  J. Am. Chem. Soc. 2009, 131, 13210-13211. 
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Scheme 9.  Original enantioselective diboration of terminal alkenes 
 
 The terminal alkene diboration methodology was improved upon in a subsequent 
publication by the Morken group several years later, featuring an improved substrate 
scope, optimized ligand structure ((R,R)-L2), lower catalyst/ligand loading, and 
glovebox-free conditions.
16
  Following oxidation, a number of chiral diols are prepared in 
good yield and enantioselectivity from aliphatic and vinyl arene substrates.  Important 
mechanistic and computational studies were also conducted.  The obtained data suggests 
that the stereochemistry-determining step of the mechanism is alkene insertion into a 
platinum-boron bond.  Critical to this is the formation of an internal platinum-carbon 
bond, which is energetically favorable based on DFT calculations and experiments 
involving the diboration/ring-opening of vinylcyclopropane (Scheme 10).  Unfortunately, 
optimization efforts were unable to extend the scope of the reaction to internal alkenes.  
Both cis and trans isomers of internal alkenes, as well as cyclic compounds such as 
indene and cyclohexene, were unreactive.  It should also be noted that some functional 
groups, such as alkynes and unprotected alcohols, either poison the catalyst or generate 
undesired hydroboration products. 
 
_______________________________________ 
16
  Coombs, J. R.; Haeffner, F.; Kliman, L. T.; Morken, J. P.  J. Am. Chem. Soc. 2013, 135, 11222-11231. 
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Scheme 10.  Selectivity-determining step in terminal alkene diboration 
 
(iii)  Other Metal-Catalyzed Diborations 
 While rhodium and platinum are arguably the most well-developed diboration 
catalyst systems, other metals have demonstrated a similar ability.  The earliest example, 
one of the first metal-catalyzed alkene diborations, is a gold(I) complex reported by 
Marder and coworkers in their paper on rhodium-catalyzed diborations of styrenes.
5
  The 
gold catalyst was prepared from comercially available [AuCl(PEt3)] and electron-rich 
bidentate phosphine ligands such as 1,2-bis(dicylcohexylphosphino)ethane (dcpe).  The 
gold complex, while a less stable species than the rhodium complexes reported, 
completely negated the β-hydride elimination that plagued those catalysts. 
 The Fernández group has published several papers on gold- and silver-catalyzed 
diborations of alkenes.  The group first reported that silver(I) N-heterocyclic carbene 
(NHC) complexes added B2(cat)2 to styrenes, indene, and vinylcyclohexane.
17
  Chiral 
NHC ligands, specifically 1-methyl-3-(+)-methylmenthoxide  imidazolium, were  used to  
 
_______________________________________ 
17
  Ramírez, J.; Corberán, R.; Sanaú, M.; Peris, E.; Fernandez, E.  Chem. Commun. 2005, 3056-3058. 
11 
 
prepare Ag-NHC complex 1.06 in the reaction but no asymmetric induction was achieved 
(Scheme 11).  The following year Fernández reported on similar NHC ligands used with 
gold, as well as other silver-NHC complexes,
18
 but as with their previous publication, no 
practical stereoselectivity was accomplished in these processes. 
Scheme 11.  Ag-NHC catalyzed diboration of terminal alkenes and indene 
 
 Fernández and coworkers also reported that gold(0) nanoparticles stabilized on 
BINAP and in the presence of a base performed diborations of alkenes.
19
  High 
conversion is a highlight of this reaction, as is the syn selectivity with 1,2-disubstituted 
alkenes, but otherwise there is no stereoselectivity observed with this catalyst system.  
Despite this drawback, it is worth noting that these reports of gold- and silver-catalyzed 
diborations are highly chemoselective, with rare instances of hydroboration products 
being reported.  This suggests that the reactions operate via a slightly different 
mechanism than that of rhodium- and platinum-catalyzed diborations.  Fernández 
suggested that base plays an important role during the transmetalation step. 
 
_______________________________________ 
18
  Corberán, R.; Ramírez, J.; Poyatos, M.; Peris, E.; Fernández, E.  Tetrahedron: Asymmetry 2006, 17, 
1759-1762. 
19
  Ramírez, J.;  Sanaú, M.; Fernández, E.  Angew. Chem. Int. Ed. 2008, 47, 5194-5197. 
12 
 
 Metal-NHC complexes have also been investigated with palladium and copper as 
the metal source.  Fernández reported that Pd-NHC pincer complex 1.07 promoted the 
diboration of styrenes with B2(cat)2 and sodium acetate (Scheme 12a).
20
  Styrene was also 
the substrate of choice with Fernández' report of a diboration methodology using Cu-
NHC catalyst 1.08 (Scheme 12b).
21
  In both of these examples, the formation of 
hydroboration products was again negligible.  However, if hydroboration is the desired 
reactivity, the authors found that the methodology could be altered with excess B2(cat)2 
and catalyst 1.08 to promote an anti-Markovnikov hydroboration. 
Scheme 12.  Pd-NHC and Cu-NHC catalyzed diborations of styrenes 
 
 
 
 
______________________________________ 
20
  Lillo, V.; Mas-Marzá, E.; Segarra, A. M.; Carbó, J. J.; Bo, C.; Peris, E.; Fernandez, E.  Chem. Commun. 
2007, 3380-3382. 
21
  Lillo, V.; Fructos, M. R.; Ramírez, J.; Braga, A. A. C.; Maseras, F.; Díaz-Requejo, M. M.; Pérez, P. J.; 
Fernández, E.  Chem. Eur. J. 2007, 13, 2614-2621. 
13 
 
(iv)  Alternative Diboration Strategies 
 While mechanistically unrelated to the metal-catalyzed diborations described in 
the previous sections, it is worth noting that transition metals are capable of conducting 
reactions that give the same products as a typical alkene diboration.  One example by 
Hoveyda utilizes a Cu-NHC catalyst in the presence of base and methanol to conduct a 
double-hydroboration of alkynes (Scheme 13).
22
  From terminal alkynes, the authors 
report good yields and enantioselectivities of the isolated 1,2-bisboronate products.  
Interestingly, the reaction is selective for alkynes; when a substrate bearing both a 
terminal alkyne and a terminal alkene was subjected to the optimized reaction conditions, 
the alkene remained unaffected. 
Scheme 13.  Cu-NHC catalyzed enantioselective double-hydroboration of alkynes 
 
 
 
 
 
 
 
 
 
______________________________________ 
22
  Lee, Y.; Jang, H. Hoveyda, A. H.  J. Am. Chem. Soc. 2009, 131, 18234-18235. 
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B.  Transition-Metal-Free Diborations 
 The first diboration of alkenes reported was performed without a transition metal.  
Schlesinger published the addition of diboron tetrachloride (B2Cl4) to ethylene in 1954, 
but the product proved to be unstable.
23
  Transition-metal-catalyzed diborations using 
more stable diborons such as B2(pin)2 and B2(cat)2 helped to alleviate this problem in 
later years.  Some decades later, the first practical report of a base-catalyzed, transition-
metal-free alkene diboration was described by Fernández and coworkers.
24
  Simple 
aliphatic alkenes in the presence of a catalytic amount of base (Cs2CO3 or NaOtBu) and 
an excess of methanol underwent efficient diboron addition (Scheme 14).  The reported 
reaction conditions also work on cis and trans alkenes, with syn addition observed, 
offering a wider substrate scope than some of Fernández' earlier reports of metal-NHC 
promoted diborations.  A report the following year used chiral alcohols to induce 
enantioselectivity in the diboration, but with only modest levels of enantioselectivity at 
best.
25
  The optimal result was only 40% ee when using 2.0 equivalents of (S)-(-)-1-
phenyl-1-propanol and vinylcyclohexane as the substrate. 
Scheme 14.  Base-promoted diboration of aliphatic alkenes 
 
_______________________________________ 
23
  Urry, G.; Kerrigan, J.; Parsons, T. D.; Schlesinger, H. I.  J. Am. Chem. Soc. 1954, 76, 5299-5301. 
24
  Bonet, A.; Pubill-Ulldemolins, C.; Bo, C.; Gulyás, H.; Fernández, E. Angew. Chem. Int. Ed. 2011, 50, 
7158-7161. 
25
  Bonet, A.; Sole, C.; Gulyás, H.; Fernández, E.  Org. Biomol. Chem. 2012, 10, 6621-6623. 
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C.  Research Goals 
 Virtually all known alkene diboration methodologies described above have some 
limitations.  Some are thwarted by substrate class, with 1,1-disubstituted, cis-1,2-
disubstituted, and trisubstituted alkenes proving most challenging.  The ability to add 
asymmetry to a molecule is a key goal of most diboration reactions, yet there are 
numerous examples of procedures where stereoselectivity is absent, or at least highly 
substrate-dependent.  We wished to solve these problems, and believed an opportunity 
presented itself with a transition-metal-free diboration.  Under such conditions, we hoped 
to be able to induce diastereoselectivity in the diboration of alkenes containing a 
proximal hydroxyl group.  If initially successful, we then wished to investigate whether 
this reaction would be applicable to a variety of alkenes, including 1,1-disubstituted and 
trisubstituted alkenes that had proven to be problematic with other methodologies. 
 
 
 
 
 
 
 
 
16 
 
II.  Alkoxide-Directed Diborations of Alkenyl Alcohols 
  In order to address many of the problems associated with transition-metal-
catalyzed 1,2-diborations, we believed that one solution could come from a metal-free 
diboration methodology.  The mechanism proposed by Fernández (Scheme 15) relies 
upon activation of B2(pin)2 by methoxide, which is generated in situ by a carbonate or 
tert-butoxide base.  Similar boron ate-complexes have been reported in the literature and 
shown to act as boryl nucleophiles.
26
  Activation of the diboron results in an addition of 
two boryl groups across an alkene, followed by protonation and the regeneration of 
methanol.  We reasoned that instead of an alcohol additive, an alkenyl alcohol could be 
used as a substrate.  Therefore, alkoxide generation from the substrate would lead to a 
substrate-B2(pin)2 ate-complex.  This would promote a diboration wherein the boryl 
groups would be added to the alkene in a stereoselective fashion, either syn or anti with 
respect to the hydroxyl group (Scheme 16). 
Scheme 15.  Proposed mechanism of base-catalyzed alkene diboration 
 
_______________________________________ 
26
  Takahashi, K.; Ishiyama, T.; Miyaura, N.  Chem. Lett. 2000, 982-983. 
17 
 
Scheme 16.  Proposal for directed diboration with alkenyl alcohol substrates 
 
 
A.  Diboration of Allylic Alcohols 
 Investigation into directed diborations began with allylic alcohol substrates, with 
a hydride base used to promote the reaction by deprotonating the substrate.  For a model 
substrate, it was decided to use 2-methyl-5-phenylpent-1-en-3-ol (2.01) with the goal of 
developing a methodology that would work well for 1,1-disubstituted alkenes.  The 
compound was readily prepared using 3-phenylpropionaldehyde and 2-
propenylmagnesium bromide.  After the diboration and an oxidative workup, 1,2,3-triol 
2.02 was expected to be observed as the major product. 
 When subjected to the originally proposed reaction conditions, a hydride base 
mixed with the substrate and B2(pin)2 in tetrahydrofuran, no triol products were observed 
following basic oxidation (Table 1, entries 2 and 3).  After these disappointing initial 
results, we started to screen conditions more closely related to those reported by 
Fernández.  Starting with one equivalent of Cs2CO3 and no alcohol additive, a small 
amount of 2.02 was obtained with low diastereoselectivity.  Following this discovery, a 
series of bases were screened under the conditions established by Fernández, with 
catalytic amounts of base and five equivalents of methanol in the reaction mixture.  
Interestingly, with cesium carbonate as the base under these conditions, conversion 
jumped to 55%, though diastereoselectivity was still quite low (Table 1, entry 5).  Other 
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bases, such as potassium tert-butoxide and sodium amide, gave slightly lower conversion 
to 2.02 (Table 1, entries 6 and 9) while others gave no conversion at all (Table 1, entries 
7 and 8).  In all examples, diastereoselectivity was calculated as less than 2:1 by 
1
H 
NMR, and attempts were soon made to increase the selectivity of the reaction. 
Table 1.  Allylic alcohol diboration base screen 
 
 Following the inital screen of bases, we began to investigate organolithium 
reagents in the reaction.  The reasoning here was based upon work by Miyaura that 
described a nucleophilic boron species prepared from n-butyllithium and B2(pin)2,
26
 
which was hoped could promote the diboration in higher conversion and selectivity.  
When one equivalent of nBuLi was stirred with the substrate and B2(pin)2 in THF, 
followed by oxidation, 8% conversion to the desired triol was observed but with about 
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5:1 dr (Table 2, entry 1).  Increasing the equivalents of both nBuLi and B2(pin)2 increased 
conversion until nearly full consumption of starting material is observed, but a drop in 
stereoselectivity is also noticeable (Table 2, entries 2 and 3).  Another downside to the 
reaction is byproduct formation which significantly lowers the yield of the reaction 
despite the complete consumption of the starting alkene.  Other organolithium reagents 
typically fared no better, with low yields of 2.02 due to the formation of byproducts 
(Table 2, entries 4-7).  Frustratingly, many of the byproducts generated in the reaction 
were unstable, and thus could not be isolated and fully characterized.  This made it 
difficult to find conditions that would negate byproduct formation.  One compound that 
was frequently observed was n-butanol, suggesting that the n-butyl/boron-ate complex 
was either decomposing, there were different reaction pathways being followed, or some 
combination of the two. 
Table 2.  Diboration of allylic alcohols with organolithium reagents 
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Despite the difficulties of obtaining syn-2.02 in high yields, a small substrate 
scope was prepared under the conditions used in Table 2, entry 3.  The substrates were 
quickly constructed using 3-phenylpropionaldehyde and the appropriate vinyl bromide to 
prepare the necessary Grignard reagent.  While the optimized substrate was thoroughly 
studied, substantial work was also done on terminal alkene 2.03, yielding syn-triol 2.04 in 
3.2:1 dr (Table 3, entries 1 and 2).  The best result was observed with disubstituted cis 
alkene 2.05, which gave triol 2.06 in 52% yield and greater than 20:1 dr (Table 3, entry 
3).  In all cases the product was found to favor the syn stereoisomer, based on comparison 
to osmium tetroxide dihydroxylation which gives the product in the anti configuration.
27 
Table 3.  Allylic alcohol diboration substrate scope 
 
_____________________________________________ 
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Because of the difficulty of optimizing the diboration/oxidation of allylic alcohols 
under these conditions, studies soon shifted to the directed diboration of homoallylic 
alcohol substrates.  If the substrate hydroxyl group was indeed the source of the directing 
ability, it was theorized that adding another methylene group between the alkene and the 
hydroxyl group might allow for a more energetically favorable transition state structure. 
B.  Homoallylic Alcohol Diboration Optimization 
 Studies into the directed diboration of homoallylic alcohols began with the use of 
5-phenyl-1-penten-4-ol (2.07) as a model substrate, which was prepared on large scale 
using allylmagnesium bromide and phenylacetaldehyde. The results of this initial screen 
are summarized in Table 4.  When the substrate was mixed with B2(pin)2 in THF at 70°C 
for 6 hours, followed by basic oxidation (sodium hydroxide and hydrogen peroxide), 
none of the desired 1,2,4-triol 2.08 was obtained (Table 4, entry 1).  Attempts to conduct 
the reaction by mixing 2.07 with one equivalent of sodium hydride also failed, but the 
addition of five equivalents of methanol lead to the formation of the desired product 
(Table 4, entries 2 and 3).  In this case, 87% conversion was observed with a 12.5:1 
diastereomer ratio favoring the syn isomer as determined from 
13
C NMR studies of an 
acetonide synthesized from the triol product.  Catalytic amounts of alkoxide bases 
(NaOtBu and KOtBu) were also tested in the reaction along with 5.0 equivalents of 
methanol, which yielded the desired triol in good conversion and diastereoselectivity 
(Table 4, entries 4 and 5).  Sodium carbonate gave relatively lower conversion, but 
cesium carbonate gave levels of conversion and stereoselectivity that were comparable to 
potassium tert-butoxide (Table 4, entries 6 and 7).  It was decided to move forward with 
development using Cs2CO3 due to the slightly better dr observed.  Because of the success 
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of this reaction with carbonate and tert-butoxide bases, few experiments were conducted 
using organolithium bases as was done with allylic alcohol substrates, and the results of 
those tests are not reported here. 
Table 4.  Homoallylic alcohol diboration base screen 
 
 It was also decided to screen alcohol additives other than methanol under the 
reaction conditions, believing that alcohols with differentiated steric or electronic 
properties could affect the reaction outcome (Table 5).  Simple aliphatic alcohols, 
specificially isopropanol and tert-butanol, both gave lower conversion and 
stereoselectivity compared to methanol (Table 5, entries 1-3).  Electron-poor alcohols 
such as phenol and 2,2,2-trifluoroethanol also gave lower conversion to 2.08 (Table 5, 
entries 4 and 5), although with phenol the observed diastereoselectivity was comparable.  
Water was also tested as an additive and gave poor results, with a mere 9% conversion 
and only 3.8:1 dr (Table 5, entry 6). 
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Table 5.  Homoallylic alcohol additive screen 
 
 In order to push the reaction to completion, the loading of cesium carbonate was 
increased to 0.3 equivalents and B2(pin)2 to 2.0 equivalents with respect to the substrate.  
Under these conditions, we next screened the amount of methanol used in the reaction 
(Table 6).  Clearly, different alcohols had varying effects on the reaction and we 
conjectured that changes in the amount of methanol would also play an important role.  
Interestingly, the data obtained from this screening displays that both minimal 
equivalents of methanol and higher amounts diminish the diastereoselectivity seen in 
2.08.  While in nearly all cases the reaction went to full conversion, the 
diastereoselectivity was found to be ideal between the two extremes that were tested, with 
17.0 equivalents proving optimal. 
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Table 6.  Methanol equivalents screen 
 
 
C.  Substrate Scope 
 With optimized reaction conditions in hand, a variety of alkenyl substrate classes 
were prepared in order to subject them to the hydroxyl-directed diboration.  Simple 
terminal alkenes were relatively simple to make with Grignard reactions (Scheme 17).  
Using commercially available allylmagnesium bromide solution and the appropriate 
aldehyde (phenylacetaldehyde, benzaldehyde, or cyclohexanecarboxaldehyde), 
homoallylic alcohol substrates 2.07, 2.09, and 2.10 were generated.  These compounds 
allowed for testing the role of the parent chain on the reaction outcome.  Bishomoallylic 
alcohol 2.11 was made from an epoxide-opening reaction, while trishomoallylic alcohol 
2.12 was prepared from the addition of allylmagnesium bromide to pentanal.  These two 
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compounds could be used to test the sensitivity of the reaction with respect to the 
proximity of the alcohol directing group. 
Scheme 17.  Preparation of simple terminal alkene substrates 
 
 In order to gauge the generality of the directed diboration, substrates apart from 
terminal alkenes had to be prepared and tested.  Therefore, a series of substituted 
homoallylic alcohols were synthesized.  Terminal alkenes bearing substitution at the 
allylic position were prepared in different ways.  As an example, dimethyl substitution 
(Scheme 18) was created in a series of steps, starting with the acylation of 3-methyl-2-
buten-1-ol.  This intermediate was then subjected to nickel-catalyzed borylation in the 
presence of B2(pin)2, followed immediately by allylation with 3-phenylpropionaldehyde, 
generating compound 2.13.
28
 
 
 
_______________________________________ 
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Scheme 18.  Preparation of α-methyl substituted homoallylic alcohols 
 
 
 Substitution on the alkenyl portion of the substrate was also critical to study.  
Previous reports of metal-catalyzed diborations often suffer from limitations due to 
alkene substituents, and the directed diboration methodology would gain more clout by 
being effective with such compounds.  Generating 1,1-disubstituted alkenes proved 
challenging, as making the appropriate Grignard reagent in situ resulted in homocoupling 
of the organomagnesium compound and thus low isolated yields of the desired alcohol 
products.  Instead, borylation/allylation methods were found to be more effective 
(Scheme 19).  Methyl-substituted alkene 2.14 was made by acylating 2-methyl-2-propen-
1-ol, followed by nickel-catalyzed borylation and allylation with 3-
phenylpropionaldehyde (Scheme 19a).  Synthesis of a more sterically hindered 1,1-
disubstituted alkene, such as 2.15, proved much more challenging, but was ultimately 
accomplished starting with the α-methylenation of octyl aldehyde.  Reduction of the 
carbonyl with DIBAL-H was followed by the acylation,
29
 borylation, and allylation 
sequence described previously (Scheme 19b).
28 
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29
  Ardolino, M. J.; Morken, J. P.  J. Am. Chem. Soc. 2012, 134, 8770-8773. 
27 
 
Scheme 19.  Preparation of 1,1-disubstituted alkenyl alcohols 
 
 With optimized reaction conditions in hand and a wide scope of alkenyl alcohols 
prepared, we began to subject these substrate classes to the hydroxyl-directed diboration 
and began with terminal alkenes.  When undergoing the optimized diboration conditions, 
2.07 and 2.09 respectively provided 1,2,4-triols 2.08 and 2.24 in at least 13:1 dr and in 
good yield (Table 7, entries 1 and 2).  Interestingly, cyclohexyl substrate 2.10 gave a 
relatively poor reaction, with low yield of triol 2.25 and only 5:1 dr (Table 7, entry 3).  
Allylic methyl groups (Table 7, entries 4-6) did not seriously affect the reaction outcome, 
though it should be noted that a significant difference exists in the observed 
diastereoselectivity between 2.27 and 2.28, generated from diastereomers 2.16 and 2.17, 
respectively.  Presumably, this is due to the allylic methyl group hindering the diboron in 
gaining access to a specific face of the alkene, but this does not adequately explain why 
2.26 is obtained in higher selectivity than 2.27.   For many of these products, syn 
stereochemistry was proven by preparing acetonides from the triols and studying these 
compounds using either 
13
C NMR or 2D NMR. 
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Table 7.  Terminal alkene substrates 
 
 To test the generality of the directed diboration (a prime goal of the 
methodology), other classes of homoallylic alcohols were tested under the optimized 
reaction conditions.  Excitingly, the majority of these substrates efficiently underwent the 
diboration/oxidation sequence to provide the desired triols in high yield and selectivity.  
1,1-Disubstituted alkenes 2.14 and 2.15 (Table 8, entries 1 and 2) gave particularly high 
diastereoselectivities, both around 17:1 dr, but yields of triols 2.29 and 2.30 were lower 
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than those observed with other substrates.  Both E and Z isomers 2.18 and 2.19 
underwent the alkenyl alcohol diboration and gave triols 2.31 and 2.32 in good yields and 
respectable selectivities (Table 8, entries 3 and 4).  Unfortunately, trisubstituted alkenes 
proved to be a difficult substrate class, with only 55% isolated yield of 2.33 and 2:1 dr 
(Table 8, entry 5).  Interestingly, X-ray crystallography data revealed that the major 
diastereomer in this case is the anti isomer.  It was believed that the substrate simply 
favored a background reaction, but when silyl-protected 2.20 was subjected to the 
diboration conditions, none of the desired product was isolated.  For reasons that are 
currently unknown, the directed diboration in this case leads to the isolation of the anti 
stereoisomer instead of the syn isomer that is observed in all other experiments. 
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Table 8.  Multisubstituted alkenes subjected to directed diboration 
 
 Cyclic homoallylic alcohols proved to be highly diastereoselective under the 
directed diboration conditions.  Alkenyl alcohol 2.21 (Table 9, entry 1) gave a high yield 
and greater than 20:1 diastereoselectivity of triol 2.34.  Other cyclic substrates, whose 
products were able to be isolated and characterized as bis(boronate) esters 2.35 and 2.36, 
also resulted in good yields of product and as virtually one diastereomer (Table 9, entries 
2 and 3).  Interestingly, the directing ability of the hydroxyl group is not limited to 
homoallylic alcohols.  Compounds bearing extra methylene groups between the hydroxyl 
group and the alkene were subjected to the reaction conditions, and bishomoallylic 
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alcohols were found to still be selective (Table 9, entry 4).  Specifically, the syn 
stereoisomer was still favored in the reaction based on the comparison to data obtained 
from the synthesis of authentic, enantiomerically enriched product.  Further extension 
proved to be detrimental, as compound 2.12 underwent diboration/oxidation but gave 
1,2,6-triol 2.38 with no induced diastereoselectivity (Table 9, entry 5). 
Table 9.  Other substrate classes subjected to directed diboration conditions 
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D.  Applications 
 To demonstrate the utility of the directed diboration methodology, a large-scale 
experiment was conducted to determine if there was any observed drop in yield or 
selectivity (Scheme 20).  When 5 g (30.8 mmol) of 2.07 was mixed in a large flask with 
B2(pin)2, methanol, and cesium carbonate, approximately 5 g of 2.08 was obtained after 
basic oxidation.  Importantly, there was no decrease in selectivity and the isolated yield 
of 84% is suitable for large-scale syntheses.  Also worth noting is the fact that this 
reaction was conducted under glovebox-free conditions and open to air and moisture.  
The reaction was also run at a higher concentration, with the substrate concentration 
being 0.5 M in THF as opposed to 0.25 M. 
Scheme 20.  Large scale directed diboration 
 
E.  Mechanistic Insights 
 To gain insight into the mechanism of the directed diboration and to uncover the 
source of selectivity, a series of experiments were conducted under varying 
circumstances.  To start, a diboration experiment was run with methyl ether substrate 
2.39.  After diboration under the standard conditions and oxidation, 1,2-diol 2.40 was 
isolated in 78% yield but as a 1:1 mixture of diastereomers (Scheme 21).  This 
observation clearly demonstrates that a free hydroxyl group in the substrate is critical for 
stereoinduction. 
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Scheme 21.  Diboration of methyl ether substrate 
 
 A competition experiment was also performed in order to demonstrate a rate 
acceleration with alkenyl alcohol substrates versus unfunctionalized alkenes (Scheme 
22).  An equimolar mixture of 2.07 and 1-dodecene was subjected to diboration 
conditions with a small amount of B2(pin)2.  Interestingly, an 87% yield of 2.08 (with 
respect to B2(pin)2) was obtained after oxidation, versus less than 10% yield of 1,2-
dodecanediol based on analysis by 
1
H NMR with an internal standard.  This gives 
evidence of rate acceleration due to the proximity of the hydroxyl group to the reacting 
alkene since 1-dodecene alone undergoes diboron addition.  Overall, the data suggests the 
possibility of a mechanism where activation of B2(pin)2 by the alkoxide anion is 
immediately followed by alkene insertion/diboron addition. 
Scheme 22.  Competition experiment 
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 With the previously reported data in hand, a proposed mechanism and mode of 
selectivity are provided that are in line with experimental results.  Clearly several 
variables must be optimized in order for the reaction to proceed quickly and in high 
levels of selectivity, such as the proper amount of methanol and appropriate base.  It is 
also critical that an unprotected hydroxyl group is present in the substrate, and that the 
substrate must be a homoallylic or bishomoallylic alcohol.  The fact that a free hydroxyl 
group is necessary for selectivity demonstrates that the substrate alkoxide likely activates 
B2(pin)2 and is directing the reaction as desired.  Yet cesium carbonate is probably not the 
base that accomplishes the deprotonation to form the alkoxide.  A secondary alcohol 
would be expected to have a slightly higher pKa than methanol, and so it seems likely that 
cesium methoxide is generated in situ, which then deprotonates the substrate.  Another 
possibility is that cesium methoxide is more soluble in the reaction medium, and so it is 
readily generated and remains in solution instead of reversibly forming cesium carbonate.  
In either case, methoxide is likely the base that promotes the reaction.  This would 
explain why a specific amount of methanol is necessary for a selective process.  With 
greater than 17.0 equivalents of methanol, the reaction is overwhelmed by the additive, 
shifting equilibrium towards the formation of methoxide anion.  This favors a non-
selective background reaction where B2(pin)2 is activated by methoxide instead of the 
substrate.  With fewer than 17.0 equivalents of methanol, the background reaction is 
again favored as there is not enough base necessary to deprotonate the substrate and 
promote the directed reaction.  The use of a specific base, cesium carbonate, was also 
found to be crucial for reactivity.  It is currently theorized that smaller counterions, such 
as lithium and sodium, bind too tightly to the substrate alkoxide, preventing coordination 
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to B2(pin)2.  Another idea is that cesium carbonate is more soluble than other bases in the 
tetrahydrofuran/methanol solvent mixture. 
 It should be noted that Fernández reported a mechanism for the base-catalyzed 
diboration based on DFT computations.
24
  From these calculations, it is theorized that a 
borocylcopropane compound could be formed as an intermediate in the reaction 
mechanism.  This intermediate (redrawn in Scheme 23) ultimately leads to the final 
diboration product following protonation to regenerate methanol.  While it is possible 
that the directed diboration follows a similar mechanism, no experimental data has been 
acquired to definitively support this idea. 
Scheme 23.  Borocyclopropane intermediate suggested by Fernández 
 
 Based on the results of experiments, a general mechanism is shown below 
(Scheme 24).  The substrate alkoxide is formed after deprotonation from a base (either 
carbonate or methoxide), which leads to the formation of an activated boron-ate complex 
with the substrate.  Alkene attack on the activated diboron reagent generates two new 
carbon-boron bonds, with the substrate being protonated either by methanol or upon 
workup.  In the case of homoallylic alcohols, this addition occurs through a five-
membered ring transition state involving an oxygen and a boron atom. 
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Scheme 24.  Proposed mechanism for the directed diboration 
 
 In such a scenario, the following model effectively demonstrates the source of syn 
selectivity observed in the reaction (Scheme 25).  The proposed model, if accurate, shows 
that a 5-membered ring is formed in the transition state.  This would translate to a 6-
membered ring for bishomoallylic alcohols, and may explain why no selectivity is 
observed in allylic and trishomoallylic alcohols.  By analogy, these substrates would give 
4- and 7-membered rings in their respective transition states, and this may be simply too 
high of an energy barrier to overcome for a selective reaction. It is worth mentioning that 
while it is believed that the primary role of methanol is to ultimately deprotonate the 
substrate, the fact that this alcohol is so important to the reaction indicates it may play 
other roles.  As previously mentioned, it may help to solubilize cesium carbonate.  
Another thought is that methanol may help to stabilize the transition state, perhaps 
through hydrogen bonding interactions with the pinacolato oxygen atoms of B2(pin)2 
while the diboron addition takes place. 
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Scheme 25.  Proposed model for the directed diboration of homoallylic alcohols 
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F.  Conclusions 
 In conclusion, we have developed a transition-metal-free, directed diboration of 
homoallylic alcohols using catalytic base and methanol.  Basic oxidation gives 1,2,4-
triols in good yields and diastereoselectivities, and the reaction is general for a variety of 
alkenes (terminal, disubstituted, and cyclic).  It is believed that selectivity is likely 
achieved through deprotonation of the substrate, with an activated form of the diboron 
then undergoing addition to the adjacent alkene in a syn fashion.  Unfortunately, the 
reaction is considerably more difficult with allylic alcohols, requiring large excesses of 
B2(pin)2 and n-butyllithium, and gives 1,2,3-triols following oxidation in low yields.  
Further investigation into the mechanism of the reaction, the potential use of other Lewis-
basic directing groups, and applications in organic synthesis should be studied. 
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III.  Experimental section 
 
1
H NMR spectra were measured using a Varian Unity Inova 500 MHz and Varian 
Gemini 400 MHz spectrometers.  Chemical shifts are reported in ppm with the solvent 
resonance as the internal standard (CDCl3: 7.24 ppm).  Data are reported as follows: 
chemical shift, integration, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, br 
= broad, m = multiplet), coupling constants (Hz) and assignment. Proton-decoupled 
13
C 
NMR spectra were recorded on Varian Unity Inova 500 MHz (125 MHz) or Varian 
Gemini 400 MHz (100 MHz) spectrometers.  Chemical shifts are reported in ppm with 
the solvent resonance as the internal standard (CDCl3: 77.00 ppm).  Infrared (IR) spectra 
were recorded on a Bruker α-P Spectrometer.  Frequencies are reported in wavenumbers 
(cm
-1
) as follows: strong (s), broad (br), medium (m), and weak (w).  High resolution 
mass spectrometry (HRMS) and X-ray diffraction were performed at Merkert Chemistry 
Center, Boston College, Chestnut Hill, MA. 
 Liquid chromatography was performed using forced flow (flash chromatography) 
on silica gel (SiO2, 230 x 400 mesh) purchased from Silicycle.  Thin layer 
chromatography (TLC) was conducted on 250 μm glass backed plates from Silicycle.  
Visualization was performed using ultraviolet light (254 nm), potassium permanganate 
(KMnO4), and Seebach's "magic" stain (phosphomolybic acid/cerium(IV) sulfate/sulfuric 
acid/water).  Analytical supercritical fluid chromatography (SFC) was performed using a 
Thar Supercritical Chromatograph equipped with an auto sampler and a Waters 
photoiodide array detector with methanol as the modifier.  Melting points were obtained 
using a Laboratory Devices, Inc. Mel-Temp II apparatus. 
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 All reactions were conducted in oven- or flame-dried glassware under an inert 
atmosphere of nitrogen or argon.  Tetrahydrofuran, dichloromethane, and diethyl ether 
were purified using Pure Solv MD-4 solvent purification system (Innovative Technology, 
Inc.) by passing the solvent through two activated alumina columns after being purged 
with argon.  Ethyl acetate, triethylamine, and diisopropylamine were distilled from 
calcium hydride.  Bis(pinacolato)diboron was obtained from Allychem Co., Ltd. and 
recrystallized from pentane prior to use.  All other chemicals were purchased from 
Aldrich, Fisher Scientific, or Alfa Aesar and used without further purification. 
 
Synthesis of 5-phenylpent-1-en-3-ol: 
 
 To a flame-dried round bottom flask equipped with a magnetic stirbar was added 
a solution of vinylmagnesium bromide (52 mL, 1 M in THF).  In a separate, flame-dried 
round bottom flask was added 3-phenylpropionaldehyde (4.1 mL, 30.8 mmol) and THF 
(20 mL).  The round bottom flask was cooled to 0 °C in an ice bath, and the solution of 
aldehyde in THF was added dropwise using a syringe.  The reaction mixture was stirred 
and allowed to warm to room temperature.  After consumption of starting material as 
indicated by TLC, the reaction mixture was cooled to 0 °C in an ice bath and quenched 
with an aqueous solution of ammonium chloride.  The aqueous and organic layers were 
separated, and the aqueous layer was further extracted with EtOAc (3 x 20 mL).  The 
combined organic layers were washed with brine, dried over sodium sulfate, filtered, and 
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concentrated by rotary evaporation.  The crude material was purified by flash column 
chromatography (5-10% ethyl acetate in hexanes) to afford the product as a pale yellow 
oil (3.42 g, 68%).  Spectral data are in agreement with the literature.
30 
Representative procedure for the synthesis of other allylic alcohols:
 
2-methyl-5-phenylpent-1-en-3-ol.  To a flame-dried round bottom 
flask equipped with a magnetic stirbar, added ground magnesium 
turnings (1.38g, 56.8 mmol).  The flask was flame dried again, and once cooled THF (85 
mL) was added while under a nitrogen atmosphere.  2-bromopropene (3.8 mL, 42.6 
mmol) was added to the solution, resulting in the solution turning light brown in color as 
the magnesium metal was consumed.  To a separate, flame-dried narrow bottom flask 
was added 3-phenylpropionaldehyde (3.8 mL, 28.4 mmol) and THF (35 mL).  The round 
bottom flask was cooled to 0 °C in an ice bath, and the solution of aldehyde was added 
dropwise by syringe.  The reaction mixture was stirred and the solution was allowed to 
room temperature.  After consumption of starting material as indicated by TLC, the 
reaction mixture was cooled to 0 °C in an ice bath and quenched with an aqueous 
solution of ammonium chloride.  The aqueous and organic layers were separated, and the 
aqueous layer was further extracted with EtOAc (3 x 20 mL).  The combined organic 
layers were washed with brine, dried over sodium sulfate, filtered, and concentrated by 
_______________________________________ 
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rotary evaporation.   The  crude  material  was purified on silica gel (10-20% ethyl acetate 
in hexanes) to afford the product as a pale yellow oil (2.99g, 72%).  Spectral data are in 
agreement with the literature.
31 
(Z)-1-phenylhex-4-en-3-ol.  Prepared according to the same 
procedure as 2-methyl-5-phenylpent-1-en-3-ol with minor 
modifications.  The title compound was prepared using cis-1-
bromo-1-propene (3.0 mL, 34.1 mmol), ground magnesium turnings (1.10 g, 45.4 mmol), 
3-phenylpropionaldehyde (3.0 mL, 22.7 mmol), and tetrahydrofuran (100 mL).  The 
crude material was purified by flash column chromatography (10-15% ethyl acetate in 
hexanes) to afford the product as a pale yellow oil (3.55 g, 88%).  Spectral data are in 
agreement with the literature.
31 
General procedure for the directed diboration of allylic alcohols: 
 
 Two oven-dried 2 dram vials equipped with magnetic stirbars were brought into a 
glovebox apparatus under a nitrogen atmosphere.  One vial was charged with substrate 
(0.50 mmol) and THF (1 mL), while to the other vial was added bis(pinacolato)diboron 
(381 mg, 1.50 mmol) and THF (1 mL).  Both vials were capped with septa, sealed with 
electrical tape, and removed from the glovebox.  The vials were cooled to -78 °C in a dry 
ice/acetone bath.   To  the  vial  containing  substrate  was  added  freshly  titrated 
_______________________________________ 
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n-butyllithium solution (0.20 mL, 0.50 mmol), which was also added to  the vial 
containing B2(pin)2 (0.59 mL, 1.50 mmol).  Both vials were stirred at -78 °C for 30 
minutes before the B2(pin)2/nBuLi was solution was added by syringe to the vial 
containing the substrate.  The resulting solution was allowed to slowly warm to room 
temperature, then was brought into the glovebox to replace the septum with a 
polyethylene cap under a nitrogen atmosphere.  After sealing the vial and removing it 
from the box, the solution was stirred in an oil bath at 70 °C for 12 hours.  After that time 
period, the vial was cooled to 0 °C and was charged with aqueous 3 M sodium hydroxide 
(1 mL) and 30% hydrogen peroxide in water (1 mL).  The vial was allowed to stir while 
warming to room temperature for at least 3 hours, before cooling back down to 0 °C and 
quenching with saturated aqueous sodium thiosulfate.  The organic material was 
separated with ethyl acetate, and the aqueous layer was extracted multiple times with 
ethyl acetate (5 x 8 mL).  The combined organic layers were dried over sodium sulfate, 
filtered, and concentrated by rotary evaporation.  The crude material was purified on 
silica gel (25-100% ethyl acetate in hexanes) to afford the product as a clear oil. 
5-phenylpentan-1,2,3-triol.  Prepared according to the general 
procedure for allylic alcohol diboration.  Product was isolated 
as a white solid and as a mixture of diastereomers (22 mg, 
22%).  
1
H NMR (500 MHz, CDCl3): δ 1.91-1.77 (m, 2H), 2.30 (s, 1H), 2.44 (s, 1H), 
2.72-2.64 (m, 1H), 2.89-2.78 (m, 2H), 3.54-3.53 (m, 1H, major), 3.58-3.57 (m, 1H, 
minor), 3.68-3.64 (m, 2H, major), 3.76-3.73 (m, 1H, major), 3.82-3.78 (m, 1H, minor), 
7.20-7.18 (m, 3H), 7.28-7.25 (m, 2H); 
13
C NMR (100 MHz, CDCl3): δ 31.8, 35.4, 65.0, 
72.0, 73.5, 126.0, 128.4, 128.5, 141.6; IR (neat): 3346.8 (br, m), 2922.4 (w), 2857.1 (w), 
 44 
 
1495.6 (w), 1070.4 (w), 1037.8 (w), 747.2 (w), 698.0 (m) cm
-1
; HRMS-(ESI+) for 
C11H16O3 [M+H]: calculated: 197.1178, found: 197.1186; Melting point: 96-99 °C. 
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Analysis/Proof of Stereochemistry:  Diastereomer ratio and relative configuration were 
both determined by comparison of the product 
1
H NMR spectrum to the 
1
H NMR 
spectrum of the triol obtained from osmium tetroxide/NMO oxidation of the allylic 
alcohol, which is known to favor the formation of the anti diastereomer.
27
  Diastereomer 
ratio was calculated to be 3.2:1 favoring the syn stereoisomer. 
                       OsO4/NMO   Diboration/Oxidation 
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2-methyl-5-phenylpentan-1,2,3-triol.  Prepared according to 
the general procedure for allylic alcohol diboration.  Product 
was isolated as a clear oil and as a mixture of diastereomers (30 mg, 29%).
  1
H NMR (500 
MHz, CDCl3): δ 1.04 (s, 3H, major), 1.24 (s, 1H, minor), 1.88-1.66 (m, 3H), 2.68-2.62 
(m, 2H), 2.74 (s, 1H), 2.98-2.87 (m, 3H), 3.20 (s, 1H, minor), 3.46-3.43 (d, 1H, J = 15 
Hz, minor), 3.49-3.47 (d, 1H, J = 10 Hz, major), 3.54-3.52 (d, 1H, J = 10 Hz, minor), 
3.60-3.58 (d, 1H, J = 10 Hz, major), 3.64-3.62 (dd, 1H, J = 10, 5 Hz, major), 3.81-3.79 
(d, 1H, J = 10 Hz, minor), 7.21-7.16 (m, 4H), 7.29-7.26 (m, 3H); 
13
C NMR (100 MHz, 
CDCl3): δ 19.4, 20.9, 29.7, 32.3, 32.9, 33.7, 67.6, 69.3, 74.0, 75.2, 125.9, 128.4, 141.8; 
IR (neat): 3387.4 (br, m), 2926.1 (w), 1495.7 (w), 1454.1 (w), 1041.2 (m), 931.5 (w), 
749.5 (w), 699.4 (m) cm
-1
; HRMS-(ESI+) for C12H18O3 [M+H]: calculated: 211.1334, 
found: 211.1338. 
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Analysis/Proof of Stereochemistry:  Diastereomer ratio and relative configuration were 
both determined by comparison of the product 
1
H NMR spectrum to the 
1
H NMR 
spectrum of the triol obtained from osmium tetroxide/NMO oxidation of the allylic 
alcohol.  Diastereomer ratio was calculated to be 3.0:1 favoring the syn stereoisomer. 
 
                                   OsO4/NMO   Diboration/Oxidation 
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6-phenylhexan-2,3,4-triol.  Prepared according to the general 
procedure for allylic alcohol diboration.  Product was isolated 
as a white solid (54.6 mg, 52%).  
1
H NMR (500 MHz, D2O): δ 1.76 (3H, d, J = 6.5 Hz), 
1.90-1.77 (2H, m), 2.84-2.65 (2H, m), 3.34 (1H, dd, J = 7.5 Hz, 5 Hz), 3.74 (1H, p, J = 
2.5 Hz), 3.86 (1H, p, J = 6 Hz), 7.30-7.26 (1H, m), 7.34-7.31 (2H, m), 7.40-7.36 (2H, m); 
13
C NMR (125 MHz, D2O): δ 17.7, 31.2, 34.5, 67.2, 69.7, 76.8, 126.0, 128.5, 128.6, 
142.3; IR (neat): 3399 (br, m), 2928 (m), 2861 (m), 1454 (s), 1400 (m), 1319 (m), 1067 
(s), 749 (m), 699 (s) cm
-1
; HRMS-(ESI+) for C12H18O3 [M+H]: calculated: 211.1334, 
found: 211.1334; Melting point: 108-111 °C. 
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Analysis/Proof of Stereochemistry:  Diastereomer ratio and relative configuration were 
both determined by comparison of the product 
1
H NMR spectrum to the 
1
H NMR 
spectrum of the triol obtained from osmium tetroxide/NMO oxidation of the allylic 
alcohol. Diastereomer ratio was calculated to be >20:1 favoring the syn stereoisomer. 
 
                           OsO4/NMO   Diboration/Oxidation 
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Synthesis of monosubstituted homoallylic alcohols: 
 
1-phenylpent-4-en-2-ol.  To a flame-dried round bottom flask 
equipped with a magnetic stirbar was added allylmagnesium 
bromide (1 M in diethyl ether, 37.1 mmol) and 15 mL of diethyl ether under a nitrogen 
atmosphere.  The solution was cooled to 0 °C, and a solution of phenylacetaldehyde (2.9 
mL, 24.7 mmol) in 15 mL of diethyl ether was added dropwise.  The solution was 
allowed to slowly warm to room temperature.  After 12 h, the reaction mixture was again 
cooled to 0 °C and quenched with saturated aqueous ammonium chloride.  The aqueous 
layer was extracted with ethyl acetate (3 x 20 mL).  The combined organic layers were 
washed with brine, dried over sodium sulfate, filtered, and concentrated by rotary 
evaporation.  The crude product was purified on silica gel (5-10% ethyl acetate in 
hexanes) to afford the title compound as a pale yellow oil (2.65 g, 66% yield).  Spectral 
data are in agreement with the literature.
32 
1-phenylbut-3-en-1-ol.  The title compound was prepared according to 
the same procedure as 1-phenylpent-4-en-2-ol with minor 
modifications.  The crude product was purified on silica gel (3% ethyl 
acetate in hexanes) to afford the title compound as a clear oil (1.86 g, 95% yield).  
Spectral data are in agreement with the literature.
33 
_______________________________________ 
32
  Tan, X.; Shen, B.; Deng, W.; Zhao, H.; Liu, L.; Guo, Q.  Org. Lett. 2003, 5, 1833-1835. 
33
  Ishiyama, T.; Ahiko, T.; Miyaura, N.  J. Am. Chem. Soc. 2002, 124, 12414-12415. 
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1-cyclohexylbut-3-en-1-ol.  The title compound was prepared 
according to the same procedure as 1-phenylpent-4-en-2-ol with minor 
modifications.  The crude product was purified on silica gel (5-10% 
ethyl acetate in hexanes) to afford the title compound as a pale yellow oil (439 mg, 18%).  
Spectral data are in agreement with the literature.
34 
Preparation of undec-1-en-6-ol: 
 
 
 To a flame-dried round bottom flask equipped with a magnetic stirbar, added 
ground magnesium turnings (0.53 g, 22.0 mmol).  The flask was flame dried and then 
backfilled with nitrogen.  The flask was then charged with THF (39 mL), cooled to 0 °C, 
and then 5-bromo-1-pentene (2.3 mL, 19.4 mmol) was added and allowed to slowly 
warm to room temperature.  To a flame-dried narrow bottom flask, added hexanal (2.2 
mL, 17.6 mmol) and THF (24 mL).  The round bottom flask containing the prepared 
Grignard reagent was cooled to 0 °C, and the hexanal solution was transferred to this 
flask by syringe.  The solution was allowed to slowly warm to room temperature.  After 
12 h, the reaction was cooled to 0 °C and quenched with 15 mL of saturated aqueous 
ammonium chloride.  The layers were separated and the aqueous layer was extracted with  
 
_______________________________________ 
34
  Thadani, A. N.; Batey, R. A.  Org. Lett. 2002, 4, 3827-3830. 
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diethyl ether (3 x 15 mL).  The combined organic layers were washed with brine, dried 
over sodium sulfate, filtered, and concentrated by rotary evaporation.  The crude product 
was purified on silica gel (5-10% ethyl acetate in hexanes) to afford the title compound as 
a colorless oil (2.14 g, 71%). 
1
H NMR (500 MHz, CDCl3): δ 0.87 (3H, t, J = 7 Hz), 1.55-1.26 (12H, m), 2.08-2.04 (2H, 
m), 3.58 (1H, m), 5.01-4.92 (2H, m), 5.83-5.75 (1H, m); 
13
C NMR (100 MHz, CDCl3): δ 
14.0, 22.6, 24.9, 25.3, 31.9, 33.7, 36.9, 37.5, 71.8, 114.5, 138.8; IR (neat): 3336.6 (br, m), 
2927.6 (s), 2858.2 (m), 1641.1 (m), 1458.4 (m), 1126.0 (m), 993.1 (m), 908.1 (s), 635.6 
(m) cm
-1
; HRMS-(ESI+) for C11H22O [M+H]: calculated: 171.1749, found: 171.1743. 
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Representative procedure for synthesis of substituted homoallylic alcohols: 
 
 5-methyl-1-phenylhex-5-en-3-ol.  The title compound was prepared according to 
the following procedure as reported in the literature.
28
  To a flame-dried round bottom 
flask equipped with a magnetic stirbar was added 2-methyl-2-propen-1-ol (7.4 mL, 87.6 
mmol) and acetic anhydride (8.3 mL, 87.6 mmol) under a nitrogen atmosphere.  The flask 
was cooled to       0 °C and DMAP (0.108 g, 0.88 mmol) was quickly added and the flask 
was sealed.  A mixture of triethylamine (7 mL) and dichloromethane (7 mL) was 
prepared in a separate flame-dried flask, then added dropwise to the first flask.  The 
reaction mixture was allowed to stir while warming to room temperature for 2 h.  The 
reaction mixture was poured into a flask containing 2 M HCl and ice, and the aqueous 
and organic layers were separated.  The aqueous layer was washed with dichloromethane 
(2 x 10 mL) and the combined organic layers were washed with saturated aqueous 
sodium bicarbonate solution.  The organic layer was separated, dried over magnesium 
sulfate, filtered, and concentrated by rotary evaporation.  The crude product was purified 
by silica gel (5-10% ethyl acetate in hexanes) to afford 2-methylallyl acetate as a clear 
liquid (7.4 g, 74% yield).  The purified acetate was then used in the following procedure.  
An oven-dried 20 mL scintillation vial equipped with a magnetic stirbar was brought into 
the glovebox.  To the vial was sequentially added Ni(cod)2 (60 mg, 0.22 mmol), P(Ph)3 
(58 mg, 0.22 mmol), ethyl acetate (8 mL), 2-methylallyl acetate (500 mg, 4.40 mmol), 
and B2(pin)2 (1.11 g, 4.40 mmol).  The vial was tightly sealed and stirred at 65 °C for 12 
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h.  The reaction mixture was then cooled to room temperature and 3-
phenylpropionaldehyde (0.61 mL, 4.62 mmol) was added.  The reaction was stirred at 
room temperature for 24 h before being quenched with 10 mL of a 1:1 mixture of water 
and diethyl ether.  The organic and aqueous layers were separated, and the aqueous layer 
was extracted with diethyl ether (3 x 5 mL).  The combined organic layers were dried 
over magnesium sulfate, filtered, and concentrated by rotary evaporation.  The crude 
product was purified  on  silica gel (5-10% ethyl acetate in hexanes)  to  afford the  title  
compound as  a  pale yellow oil (0.59 g, 71% yield).  Spectral data are in agreement with 
the literature.
35
 
4,4-dimethyl-1-phenylhex-5-en-3-ol.  The desired compound 
was prepared according to the same procedure as 5-methyl-1-
phenylhex-5-en-1-ol with minor modifications.  3-methylbut-2-
en-1-ol was used to prepare the necessary acetate substrate.  The crude product was 
purified on silica gel (5-10% ethyl acetate in hexanes) to afford the title compound as a 
pale yellow oil (0.70 g, 88% yield).  Spectral data are in agreement with the literature.
35 
 
 
 
 
 
 
 
______________________________________ 
35
  Kobayashi, S.; Nishio, K.  J. Org. Chem. 1994, 59, 6620-6628. 
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Preparation of 5-methylene-1-phenylundecan-3-ol: 
 
  
 The desired compound was prepared according to the same procedure as 5-
methyl-1-phenylhex-5-en-1-ol with minor modifications.  2-methyleneoctan-1-ol was 
used to prepare the necessary acetate substrate.  This compound was prepared according 
to the following procedure as reported in the literature
27
.  To a round bottom flask 
equpped with a stirbar and a reflux condenser, sequentially added aqueous formaldehyde 
(37% wt, 2.2 mL, 27.1 mmol), dichloromethane (3 mL), octanal (4 mL, 27.1 mmol), 
pyrrolidine (0.22 mL, 0.10 mmol), and p-toluic acid (738 mg, 5.42 mmol).  The flask was 
heated at reflux in an oil bath for 2 h, at which time the flask was cooled to room 
temperature and the reaction mixture was quenched with saturated aqueous sodium 
bicarbonate (5 mL).  The layers were separated and the aqueous layer was extracted with 
dichloromethane (3 x 5 mL).  The combined organics were washed with brine, dried over 
magnesium sulfate, filtered, and concentrated by rotary evaporation.  The crude product 
was purified on silica gel (2.5-10% ethyl acetate in hexanes) to afford 2-
methyleneoctanal as a pale yellow oil (1.50 g, 39%).   
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 To a flame-dried round bottom flask equipped with a stirbar, added 2-
methyleneoctanal (1.5 g, 10.7 mmol) and dichloromethane (35 mL).  The flask was 
cooled to 0 °C, and diisobutylaluminum hydride (2.1 mL, 11.8 mmol) was added 
dropwise.  The reaction mixture was stirred at 0 °C for 2.5 h, at which time it was 
quenched with saturated aqueous sodium potassium tartrate (15 mL).  The aqueous layer 
was separated and extracted with dichloromethane (5 x 15 mL).  Combined organic 
layers were dried over magnesium sulfate, filtered, and concentrated by rotary 
evaporation.  The crude 2-methyleneoctan-1-ol was isolated as a pale yellow oil (1.32 g, 
88%) and was carried through to the acylation step without further purification.  The final 
product of the sequence was purified on silica gel (5% ethyl acetate in hexanes) and 
isolated as a colorless oil (847 mg, 60%). 
1
H NMR (500 MHz, CDCl3): δ 0.88 (3H, t, J = 7 Hz), 1.32-1.21 (6H, m), 1.47-1.33 (2H, 
m), 1.81-1.72 (3H, m), 1.98 (2H, t, J = 7.5 Hz), 2.12-2.05 (1H, m), 2.27-2.22 (1H, m), 
2.85-2.65 (2H, m), 3.71 (1H, m), 4.81 (1H, s), 4.87 (1H, s), 7.21-7.14 (3H, m), 7.29-7.25 
(2H, m); 
13
C NMR (100 MHz, CDCl3): δ 14.1, 22.6, 27.7, 29.0, 31.7, 32.1, 35.8, 38.8, 
44.6, 68.1, 112.3, 125.8, 128.4, 128.4, 142.2, 146.8; IR (neat): 2925.6 (m), 2856.0 (m), 
1642.7 (w), 1495.5 (w), 1454.2 (m), 1051.2 (m), 892.4 (m), 744.9 (m), 697.9 (m) cm
-1
; 
HRMS-(ESI+) for C18H28O [M+H-H2O]: calculated: 243.2113, found: 243.2115. 
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Representative procedure for the directed diboration/oxidation of homoallylic 
alcohols 
 
 In a glovebox under an argon atmosphere, an oven-dried 2 dram vial equipped 
with a magnetic stirbar was charged with 5-methyl-1-phenylhex-5-en-3-ol (95 mg, 0.50 
mmol), bis(pinacolato)diboron (254 mg, 1.00 mmol), tetrahydrofuran (1.0 mL), and 
cesium carbonate (49 mg, 0.15 mmol).  The vial was sealed with a cap with a septum, 
and removed from the glovebox.  Under a line of nitrogen, methanol (0.34 mL, 8.50 
mmol) was added to the reaction mixture.  The nitrogen line was removed and the septum 
was covered with electrical tape.  The reaction vial was placed in an oil bath at 70 °C for 
6 h.  After 6 h, the vial was allowed to cool to room temperature and then transferred to a 
20 mL vial with about 1 mL of tetrahydrofuran.  The vial was cooled to 0 °C, followed 
by the dropwise addition of 3 M sodium hydroxide (1 mL) and 30% aqueous hydrogen 
peroxide (1 mL).  The reaction was allowed to slowly warm to room temperature while 
stirring for at least 4 h.  After the necessary time period, the vial was again cooled to 0 °C 
and cautiously quenched with saturated aqueous sodium thiosulfate (2 mL), then diluted 
with water.  The aqueous layer was extracted with ethyl acetate (5 x 5 mL).  The organic 
layers were combined, dried over sodium sulfate, filtered, and concentrated by rotary 
evaporation.  The crude material was purified on silica gel (25-100% ethyl acetate in 
hexanes) to afford a clear oil (72 mg, 64%). 
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2-methyl-6-phenylhexane-1,2,4-triol.  Prepared according to 
the general diboration/oxidation procedure. The crude 
material was purified on silica gel (25-100% ethyl acetate in 
hexanes) to afford the title compound as a clear oil (72 mg, 64%).   
1
H NMR (500 MHz, CDCl3): δ 1.21 (3H, s), 1.49-1.44 (2H, d, J = 25 Hz), 1.86-1.70 (2H, 
m), 2.79-2.64 (2H, m), 3.41 (2H, s), 4.11-4.04 (1H, m), 7.20-7.15 (3H, m), 7.30-7.25 
(2H, m); 
13
C NMR (100 MHz, CDCl3): δ 23.8, 31.8, 40.0, 40.7, 68.3, 70.8, 73.1, 125.9, 
128.4, 128.5, 141.7; IR (neat): 3331.2 (br, m), 2925.9 (m), 2862.4 (w), 1453.5 (m), 
1046.4 (s), 897.2 (m), 849.2 (m), 746.2 (s), 697.8 (s) cm 
-1
; HRMS-(ESI+) for C13H20O3 
[M+H]: calculated: 225.1491, found: 225.1485. 
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Analysis of Diastereoselectivity:   
 The starting material was subjected to dihydroxylation with osmium tetroxide and 
4-methylmorpholine N-oxide to give a mixture of diastereomers as determined by 
1
H 
NMR.  Diastereomer ratio from the diboration/oxidation sequence was then determined 
by comparison of the 
1
H NMR spectra and was found to be 17:1. 
 
OsO4/NMO  Diboration/Oxidation 
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Proof of Stereochemistry:   
 The purified triol was silyl protected and cyclized as an acetonide by the sequence 
shown below.  Absolute stereochemistry was proven using 2D NMR (NOE). 
 
 
tert-butyldiphenyl(((4R,6R)-2,2,4-trimethyl-6-           
phenethyl-1,3-dioxan-4-yl)methoxy)silane.  An oven-
dried 20 mL vial equipped with a magnetic stirbar was 
charged with 2-methyl-6-phenylhexane-1,2,4-triol (85 mg, 0.38 mmol) and 
dichloromethane (3.8 mL).  The vial was cooled to 0 °C, and imidazole (31 mg, 0.46 
mmol) was quickly added.  The vial was then charged with tert-butyldiphenylsilyl 
chloride (0.11 mL, 0.42 mmol) and allowed to stir to room temperature.  The reaction 
was quenched with saturated aqueous sodium bicarbonate.  The layers were separated 
and the organic layer was sequentially washed with water and then brine.  The organic 
layer was separated, dried over sodium sulfate, filtered, and concentrated by rotary 
evaporation.  The crude product was purified on silica gel (5-10% ethyl acetate in 
hexanes) to afford a white solid (111 mg, 63%). 
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 To an oven-dried 20 mL vial equipped with a magnetic stirbar, added the silyl-
protected triol (111 mg, 0.24 mmol), dichloromethane (3 mL), and 2,2-dimethoxypropane 
(0.44 mL, 3.60 mmol).  The vial was cooled to 0 °C, then pyridinium p-toluenesulfonate 
(5 mg, 0.02 mmol) was quickly added.  The reaction was stirred while warming to room 
temperature, then quenched with triethylamine and concentrated by rotary evaporation.  
The crude material was purified on silica gel (10% ethyl acetate in hexanes) to afford a 
clear, colorless film (102 mg, 84%). 
1
H NMR (500 MHz, CDCl3): δ 1.06 (9H, s), 1.34 (3H, s), 1.36 (3H, s), 1.45 (3H, s), 1.48-
1.47 (2H, d, J = 5 Hz), 1.88-1.71 (2H, m), 2.82-2.65 (2H, m), 3.45-3.41 (2H, m), 3.92-
3.90 (1H, m), 7.21-7.17 (3H, m), 7.30-7.27 (2H, m), 7.43-7.35 (6H, m), 7.68-7.67 (4H, 
m); 
13
C NMR (100 MHz, CDCl3): δ 19.4, 23.8, 25.1, 26.9, 31.3, 31.7, 37.3, 38.1, 64.4, 
73.1, 73.5, 98.4, 125.7, 127.6, 127.6, 128.3, 128.5, 129.5, 129.6, 133.7, 133.7, 135.7, 
135.7, 142.1; IR (neat): 2929.8 (w), 2857.2 (w), 1427.5 (w), 1376.4 (w), 1157.4 (m), 
821.4 (m), 739.4 (m), 698.2 (m), 503.2 (m), 488.1 (m) cm
-1
; HRMS-(ESI+) for 
C33H44O3Si [M+Na]: calculated: 525.7598, found: 525.2794. 
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syn-5-phenylpentane-1,2,4-triol.  The diboration was 
performed according to the representative procedure with 1-
phenylpent-4-en-2-ol (40 mg, 0.50 mmol), B2(pin)2 (254 mg, 1.00 mmol), Cs2CO3 (49 
mg, 0.15 mmol), methanol (0.34 mL, 8.50 mmol) and tetrahydrofuran (1 mL). The crude 
reaction mixture was purified on silica gel (50-100% ethyl acetate in hexanes) to afford a 
clear, colorless oil (73 mg, 74%).  
1
H NMR (500 MHz, CD3OD): δ 1.54 (1H, dt, J = 14 Hz, 8.25 Hz), 1.69 (1H, dt, J = 14 
Hz, 4.5 Hz), 2.72 – 2.80 (2H, m), 3.42 (1H, dd, J = 11.5 Hz, 6.5 Hz), 3.47 (1H, dd, J = 
11.5 Hz, 4.75 Hz), 3.79 – 3.83 (1H, m), 3.99 – 4.04 (1H, m), 7.15 – 7.19 (1H, m), 7.21 – 
7.27 (4H, m); 
13
C NMR (100 MHz, CDCl3): δ 38.4, 44.6, 66.6, 72.3, 73.0, 126.7, 128.7, 
129.4 137.7; IR (neat): 3332.4 (m), 3027.5 (w), 2920.1 (m), 1495.3 (m), 1453.4 (m), 
1266.1 (m), 1079.7 (m), 1031.1 (m), 734.8 (s), 698.7 (s) cm
-1
; HRMS-(ESI+) for 
C11H17O3 [M+H]: calculated: 197.1178, found: 197.1177. 
 
Proof of Stereochemistry: 
 The diastereoselectivity was determined from SFC analysis, where the products of 
the reaction were compared to products from an OsO4/NMO dihydroxylation of the 
substrate.  Diastereomer ratio was determined to be 13:1.  To prove relative 
stereochemistry, the triol was silyl protected and cyclized to form the acetonide.  The 
13
C 
NMR displayed characteristic carbon signals for a syn-1,3-diol.
39
 
 
____________________________________ 
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  Evans, D. A.; Rieger, D. L.; Gage, J. R.  Tetrahedron Lett. 1990, 31, 7099-7100 
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SFC (2EP 4.6x250, 35 °C, 3mL/min, 5% MeOH, 100 bar) 
                        Reaction Products (1)                                        OsO4/NMO (2) 
 
 
 
 
1 
 
 
2 
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Preparation of ((6-benzyl-2,2-dimethyl-1,3-dioxan-4-yl)methoxy)(tert-
butyl)diphenylsilane. 
                               
 
                                            
 
 
 
 
The title compound was prepared as shown above 
following the same procedure as previous acetonide 
syntheses with minor modifications. 
1
H NMR (400 MHz, CDCl3): δ 1.05 (9H, s), 1.20 (1H, q, J = 11.5 Hz), 1.42 (3H, s), 1.43 
(3H, s), 1.55 (1H, dt, J = 12.5 Hz, 2.25 Hz), 2.64 (1H, dd, J = 13.5 Hz, 7 Hz), 2.95 (1H, 
dd, J = 13.5 Hz, 5.75 Hz), 3.54 (1H, dd, J = 10.25 Hz, 5.75 Hz), 3.72 (1H, dd, J = 10.25 
Hz, 5.25), 3.91 – 3.96 (1H, m), 4.03 – 4.08 (1H, m), 7.22 – 7.25 (3H, m), 7.29 – 7.32 
(2H, m), 7.35 – 7.39 (4H, m), 7.41 – 7.45 (2H, m), 7.66 – 7.68 (4H, m); 13C NMR (125 
MHz, CDCl3): δ 19.3, 19.8, 26.8, 30.0, 33.2, 43.1, 67.5, 69.8, 69.9, 98.5, 126.3, 127.6, 
127.6, 128.2, 129.5, 129.6, 129.6, 133.7, 133.8, 135.7, 135.7, 138.0; IR (neat): 2991.3 
(m), 2930.2 (m), 3857.6 (m), 1427.4 (m), 1378.3 (m), 1198.7 (m), 1106.5 (s), 937.8 (m), 
697.9 (s), 612.2 (m), 502.1 (s) cm
-1
; HRMS-(ESI+) for C30H38O3SiNa [M+Na]: 
calculated: 497.24912, found: 497.24912. 
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4-phenylbutane-1,2,4-triol: The diboration was performed 
according to the representative procedure with 1-phenylbut-3-en-
1-ol (74 mg, 0.50 mmol), Cs2CO3 (49 mg, 0.15 mmol), B2(pin)2 (254 mg, 1.00 mmol), 
methanol (0.34 mL, 8.50 mmol), and tetrahydrofuran (1 mL).  The crude material was 
purified on silica gel (conditions) to afford the title compound was obtained as a white 
solid (mass, 85%).  Spectral data is in agreement with the literature.
40 
 
Analysis/Proof of Stereochemistry: 
 The relative stereochemistry was determined to be syn by comparison to the 
1
H 
NMR data within the literature.
40
  Diastereomer ratio was determined to be 14.3:1. 
 
4-cyclohexylbutane-1,2,4-triol.  Prepared according to the 
general diboration/oxidation procedure using 1-cyclohexylbut-3-
en-1-ol (77 mg, 0.50 mmol), Cs2CO3 (49 mg, 0.15 mmol), 
B2(pin)2 (254 mg, 1.00 mmol), methanol (0.34 mL, 8.50 mmol), and THF (1 mL).  The 
crude product was purified on silica gel (25-100% ethyl acetate in hexanes) to afford the 
title compound as a clear, colorless oil (48 mg, 51%).   
 
 
_______________________________________ 
40
  a) Asano, K.; Matsubara, S.  Org. Lett. 2012, 14, 1620-1623; (b) Kang, J. Y.; Connell, B. T.   J. Am. 
Chem. Soc. 2010, 132, 7826–7827; (c) Bachki, A.; Foubelo, F.; Yus, M.  Tetrahedron: Asymmetry 1996, 
7(10), 2997-3008. 
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1
H NMR (500 MHz, CDCl3): δ 1.05-0.92 (2H, m), 1.25-1.07 (3H, m), 1.35-1.27 (1H, m), 
1.59-1.47 (2H, m), 1.68-1.60 (2H, m), 1.80-1.69 (3H, m), 3.50-3.41 (2H, m), 3.64-3.56 
(2H, m), 3.86-3.79 (1H, m); 
13
C NMR (100 MHz, CDCl3): δ 26.1, 26.2, 26.4, 27.9, 28.3, 
28.7, 29.0, 35.7, 36.1, 43.8, 44.3, 66.8, 67.0, 69.7, 72.9; IR (neat): 3329.9 (br, m), 2921.3 
(m), 2850.8 (m), 1448.2 (m), 1318.3 (m), 1042.4 (m), 976.1 (m), 891.5 (m), 845.9 (m), 
732.3 (m); HRMS-(ESI+) for C10H20O3 [M+H-H2O]: calculated: 189.1491, found: 
189.1490. 
Analysis of Stereochemistry: 
 The starting material was subjected to dihydroxylation with osmium tetroxide and 
4-methylmorpholine N-oxide to give a mixture of diastereomers as determined by 
13
C 
NMR.  Diastereomer ratio from the diboration/oxidation sequence was then determined 
by comparison of the 
13
C NMR and was found to be 5.3:1.  Absolute stereochemistry was 
assigned by analogy. 
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                                   OsO4/NMO              Diboration/Oxidation 
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3,3-dimethyl-6-phenylhexane-1,2,4-triol.  Prepared 
according the general diboration/oxidation procedure using 
4,4-dimethyl-1-phenylhex-5-en-3-ol (102 mg, 0.50 mmol), Cs2CO3 (49 mg, 0.15 mmol), 
B2(pin)2 (254 mg, 1.00 mmol), methanol (0.34 mL, 8.50 mmol), and tetrahydrofuran (1 
mL).  The crude product was purified on silica gel (25-100% ethyl acetate in hexanes) to 
afford the title compound as a white solid (83 mg, 69%).   
1
H NMR (500 MHz, CDCl3): δ 0.80 (3H, s), 0.90 (3H, s), 1.89-1.61 (2H, m), 2.33-2.17 
(1H, s), 2.82-2.71 (1H, s), 2.92-2.58 (2H, m), 3.25-3.11 (1H, s), 3.64-3.55 (3H, m), 3.74-
3.67 (1H, m), 7.31-7.26 (2H, m), 7.22-7.16 (3H, m); 
13
C NMR (100 MHz, CDCl3): δ 
15.7, 21.8, 33.0, 33.3, 40.3, 62.6, 78.2, 79.3, 126.0, 128.5, 128.5, 142.1; IR (neat): 3315.5 
(br, w), 2969.7 (w), 2928.5 (w), 2878.7 (w), 1071.2 (w), 1054.2 (w), 926.7 (w), 893.8 
(w), 745.7 (w), 701.8 (w); HRMS-(ESI+) for C14H22O3 [M+H]: calculated: 239.1647, 
found: 239.1652; Melting point: 90-95 °C. 
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Analysis of Stereochemistry:   
 The starting material was subjected to dihydroxylation with osmium tetroxide and 
4-methylmorpholine N-oxide to give a mixture of diastereomers as determined by 
1
H 
NMR.  Diastereomer ratio from the diboration/oxidation sequence was then determined 
by comparison of the 
1
H NMR spectra and was found to be 11.1:1. 
 
                       OsO4/NMO   Diboration/Oxidation 
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Proof of Stereochemistry:   
 The purified triol was silyl protected and cyclized as an acetonide by the sequence 
shown below.  Absolute stereochemistry was proven using 2D NMR. 
 
 
 
tert-butyldiphenyl(((4R,6R)-2,2,5,5-tetramethyl-6-
phenethyl-1,3-dioxan-4-yl)methoxy)silane.  An oven-
dried 20 mL vial equipped with a magnetic stirbar was 
charged with 3,3-dimethyl-6-phenylhexane-1,2,4-triol (35 mg, 0.15 mmol) and 
dichloromethane (1.5 mL).  The vial was cooled to 0 °C, and imidazole (12 mg, 0.18 
mmol) was quickly added.  The vial was then charged with tert-butyldiphenylsilyl 
chloride (0.04 mL, 0.16 mmol) and allowed to stir to room temperature.  The reaction 
was quenched with saturated aqueous sodium bicarbonate.  The layers were separated 
and the organic layer was sequentially washed with water and then brine.  The organic 
layer was separated, dried over sodium sulfate, filtered, and concentrated by rotary 
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evaporation.  The crude product was purified on silica gel (5-10% ethyl acetate in 
hexanes) to afford a white solid (50 mg, 69%). 
 To an oven-dried 20 mL vial equipped with a magnetic stirbar, added the silyl-
protected triol (49.5 mg, 0.10 mmol), dichloromethane (0.6 mL), and 2,2-
dimethoxypropane (0.18 mL, 1.50 mmol).  The vial was cooled to 0 °C, then pyridinium 
p-toluenesulfonate (2.5 mg, 0.01 mmol) was quickly added.  The reaction was stirred 
while warming to room temperature, then quenched with triethylamine and concentrated 
by rotary evaporation.  The crude material was purified on silica gel (2.5-10% ethyl 
acetate in hexanes) to afford a clear, colorless film (16 mg, 30%). 
1
H NMR (500 MHz, CDCl3): δ 0.58 (3H, s), 0.72 (3H, s), 1.03 (9H, s), 1.38 (3H, s), 1.43 
(3H, s), 1.70-1.56 (2H, m), 2.51-2.44 (1H, m), 2.85-2.78 (1H, m), 3.34-3.31 (1H, m), 
3.56-3.53 (1H, m), 3.62-3.58 (1H, m), 3.79-3.76 (1H, dd, J = 11 Hz, 3 Hz), 7.19-7.15 
(3H, m), 7.28-7.24 (2H, m), 7.42-7.32 (6H, m), 7.70-7.65 (4H, m); 
13
C NMR (100 MHz, 
CDCl3): δ 13.2, 19.2, 19.4, 20.5, 26.8, 29.7, 30.1, 30.2, 32.4, 34.6, 63.9, 76.7, 79.2, 98.5, 
125.7, 127.5, 127.6, 128.2, 128.6, 129.5, 129.6, 133.7, 134.1, 135.7, 135.8, 142.4; IR 
(neat): 2930.7 (w), 2856.3 (w), 1463.3 (w), 1427.6 (w), 1377.8 (w), 1105.5 (m), 1043.4 
(m), 737.7 (m), 698.3 (s), 608.7 (m), 503.4 (s); HRMS-(ESI+) for C33H44O3Si [M+Na]: 
calculated: 539.2957, found: 539.2941. 
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(2R,3S,4R)-3-methyl-6-phenylhexane-1,2,4-triol. The 
diboration was performed according to the representative 
procedure with (3R,4R)-4-methyl-1-phenylhex-5-en-3-ol (95 
mg, 0.50 mmol), Cs2CO3 (49 mg, 0.15 mmol), B2(pin)2 (254 mg, 1.00 mmol), methanol 
(0.34 mL, 8.50 mmol), and tetrahydrofuran (1 mL). The crude material was purified on 
silica gel (30-100%ethyl acetate in hexanes) to afford the title compound as a clear, 
colorless oil (89 mg, 79%). 
1
H NMR (500 MHz, CDCl3): δ 0.92 (3H, d, J = 12.5 Hz), 1.65 (1H, m), 1.72 (1H, m), 
1.86 (1H, m), 2.64 (1H, m), 2.75 (1H, m), 3.57 (1H, dd, J = 3.5 Hz, 10.5 Hz), 3.65 (1H, 
dd, J = 7 Hz, 11 Hz), 3.85 (1H, p, J = 3.5 Hz), 3.90 (1H, m), 7.18 (3H, m), 7.26 (2H, m);  
13C NMR: δ 6.6, 32.7, 37.1, 39.6, 64.7, 74.6, 76.3, 126.2, 1286, 128.7, 141.9; IR (neat): 
3346.3 (s), 2940.3 (s), 2886.1 (m), 1495.7 (w), 1454.4 (m), 1099.3 (m), 1062.6 (m), 
1028.6 (m), 748.3 (m), 699.3 (s); HRMS-(ESI+) for C13H21O3[M+H]: calculated: 
225.1491, found: 225.1489. 
Analysis of Stereochemistry: 
 Diastereomer ratio was determined to be 6.8:1 based on comparison of the 
1
H 
NMR of the product with triol that was obtained from a non-selective diboration shown 
in the sequence below: 
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 To an oven-dried 6-dram vial equipped with a magnetic stirbar, added (3R,4R)-4-
methyl-1-phenylhex-5-en-3-ol (190 mg, 1.00 mmol) and Et2O (2 mL), and the reaction 
mixture was cooled to 0°C.  Pyridine (0.12 mL, 1.50 mmol) and benzyl chloride (0.17 
mL, 1.50 mmol) were added. The reaction mixture was allowed to warm to room 
temperature and stir overnight. Then the reaction was quenched with N,N’-
dimethylethylenediamine at 0 °C and extracted with Et2O. The organic layer was washed 
with brine, dried over Na2SO4, filtered and concentrated by rotary evaporation. The crude 
material was purified on silica gel (3% ethyl acetate in hexanes) to afford the Bz-
protected alkene as a colorless oil (188 mg, 64%). Then the diboration was performed 
according to the representative procedure with Bz-protected alkene (188 mg, 0.64 mmol) 
followed by treatment of the crude material with K2CO3(0.884g, 6.4mmol) in MeOH 
(6.4mL) and stirring for 12h. Then the reaction mixture was diluted with water, the 
organic layer was separated, dried over sodium sulfate, filtered, and concentrated by 
rotary evaporation. The crude material was purified on silica gel (3% ethyl acetate in 
hexanes) to give the title compound as a clear, colorless oil (80 mg, 56%) and a mixture 
of diastereomers as determined by 
1
H NMR. 
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Non-Selective Diboration/Oxidation/Deprotection Directed Diboration/Protection  
                                                                           
 
Proof of Stereochemistry: 
 The relative stereochemistry was determined to be syn by measuring the coupling 
constants of the carbonyl hydrogen atoms from the 
1
H NMR of the tert-
butyldiphenyl(((4R,5S,6R)-2,2,5-trimethyl-6-phenethyl-1,3-dioxan-4-yl)methoxy)silane 
synthesized from the sequence shown below.  
 
Preparation of tert-butyldiphenyl(((4R,5S,6R)-2,2,5-trimethyl-6-phenethyl-1,3-
dioxan-4-yl) methoxy)silane: 
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 To an oven-dried 6-dram vial equipped with a magnetic stirbar, added (2R,3S,4R)-
3-methyl-6-phenylhexane-1,2,4-triol (111 mg, 0.5 mmol),  imidazole (41 mg, 0.6 mmol), 
and dichloromethane (5ml) under a nitrogen atmosphere.  The reaction mixture was 
cooled to 0 °C, and tert-butyldiphenylsilyl chloride (0.14 ml, 0.55 mmol) was added. 
Then the reaction mixture was allowed to warm to room temperature and stir for 2 h, at 
which time the reaction was quenched with saturated aqueous sodium bicarbonate.  The 
organic layer was separated, washed with water and brine, dried over sodium sulfate, 
filtered, and concentrated by rotary evaporation.  The crude material was purified on 
silica gel (10% ethyl acetate in hexanes) to afford the TBDPS-protected triol (166 mg, 
72%).  To a mixture of TBDPS-protected triol (166 mg, 0.36 mmol) and 2,2-
dimethoxypropane (0.67 mL, 5.4 mmol) in dichloromethane (3.6 mL) at 0 °C, added 
pyridinium p-toluenesulfonate (9.0 mg, 0.036 mmol). The reaction mixture was allowed 
to warm to room temperature and stir overnight under a nitrogen atmosphere.  Then 
triethylamine was added and the reaction mixture was concentrated by rotary 
evaporation.  The crude material was purified on silica gel (3% ethyl acetate in hexanes) 
to afford the title compound as a white solid (162 mg, 89%).  
 
1
H NMR (500 MHz, CDCl3): δ 0.79 (3H, d, J = 6.5 Hz), 1.04 (9H, s), 1.36 (6H, s), 1.54 
(1H,m), 1.61 (1H, m), 1.88 (1H, m), 2.59 (1H, m), 2.73 (1H, m), 3.57 (1H, dd, J = 7.5 
Hz, 10.5 Hz), 3.66 (1H, dd, J = 6.5 Hz, 10.5 Hz), 3.82 (1H, m), 3.96 (1H, ddd, J = 1 Hz, 
6.5 Hz, 7.5 Hz), 7.17-7.20 (3H, m), 7.26-7.29 (2H, m), 7.33-7.42 (6H, m), 7.64-7.66 (4H, 
m); 
13
C NMR (100 MHz, CDCl3): δ 5.0, 19.6, 20.0, 27.2, 30.2, 32.0, 32.8, 34.8, 64.6, 
72.6, 74.1, 99.6, 126.6, 128.4, 128.5, 129.2, 129.4, 130.4, 130.5, 134.6, 134.6, 136.5, 
136.5, 143.0; IR(neat): 2932.2 (m), 2857.1 (m), 1427.5 (m), 1378.6 (m), 1197.5 (m), 
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1135.6 (m), 1109.7 (s), 938.1 (m), 833.4 (m), 777.7 (m), 739.0 (m), 698.1(s); HRMS-
(ESI+) for C32H42O3SiNa [M+Na]: calculated: 525.7523, found: 525.2803. 
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 (3R,4S,5S)-4-methyl-1-phenyl-5,6-bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)hexan-3-yl acetate.  
The diboration was performed according to the representative procedure using (3R,4S)-4-
methyl-1-phenylhex-5-en-3-ol (95 mg, 0.50 mmol), Cs2CO3 (49 mg, 0.15 mmol), 
B2(pin)2 (254 mg, 1.00 mmol), methanol (0.34 mL, 8.50 mmol), and tetrahydrofuran (1 
mL) . After the diboration was complete, the reaction mixture was concentrated, and 
dichloromethane (2.5 mL), triethylamine (2.5 mL), and a single crystal of 4-
(dimethylamino)pyridine were added under a nitrogen atmosphere.  Then the reaction 
mixture was cooled to 0 °C, and acetic anhydride (0.1 mL, 1.1 mmol) was added.  The 
reaction mixture was allowed to warm to room temperature and stir for 12 h. Then the 
reaction mixture was diluted with 1 M HCl. The organic layer was separated and washed 
with saturated aqueous sodium bicarbonate, dried over sodium sulfate, filtered, and 
concentrated by rotary evaporation.  The crude material was purified on silica gel (3% 
ethyl acetate in hexanes) to isolate the title compound as a clear, colorless oil (171 mg, 
68%).  
1
H NMR (500 MHz, CDCl3): δ 0.74 (1H, s), 0.75 (2H, d, J = 3 Hz), 0.84 (3H, d, J = 6.5 
Hz), 1.19 (12H, s), 1.22 (12H, d, J = 4.5 Hz), 1.79 (1H, m), 1.91 (2H, m), 2.00 (3H, s), 
2.59 (2H, m), 4.94 (1H, m), 7.14 (3H, m), 7.25 (2H, m); 
13
C NMR (100 MHz, CDCl3): δ 
13.9, 21.4, 24.8, 25.1, 25.2, 32.3, 33.0, 38.6, 76.3, 83.0, 83.3, 125.9, 128.5, 128.6, 142.4, 
171.0; IR(neat): 2977.0 (m), 2931.9 (m), 1733.0 (m), 1403.3 (s), 1371.0 (s), 1311.9 (s), 
1238.5 (s), 1142.7 (s) cm
-1
; HRMS-(ESI+) for C27H48B2NO6 [M+NH4]: calculated: 
504.3668, found: 504.3690. 
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Analysis of Stereochemistry: 
 Diastereomer ratio was determined to be >20:1 based on comparison of the 
1
H 
NMR of the product with triol that was obtained from a non-selective diboration shown 
in the sequence below: 
 
 To an oven-dried 6-dram vial equipped with a magnetic stirbar was added 
(3R,4S)-4-methyl-1-phenylhex-5-en-3-ol (100 mg, 0.53 mmol), dichloromethane (2.5 
mL), triethylamine (2.5 mL), and a single crystal of 4-(dimethylamino)pyridine under a 
nitrogen atmosphere.  Then the reaction mixture was cooled to 0 °C, and acetic anhydride 
(0.1 mL, 1.1 mmol) was added.  The reaction mixture was allowed to warm to room 
temperature and stir for 12 h. Then the reaction mixture was diluted with 1 M HCl. The 
organic layer was separated and washed with saturated aqueous sodium bicarbonate, 
dried over sodium sulfate, filtered, and concentrated by rotary evaporation.  The crude 
material was purified on silica gel (3% ethyl acetate in hexanes) to afford the (3R,4S)-4-
methyl-1-phenylhex-5-en-3-yl acetate as colorless oil (80 mg, 65% yield). The diboration 
was performed according to the representative procedure using (3R,4S)-4-methyl-1-
phenylhex-5-en-3-yl acetate (80 mg, 0.35 mmol), Cs2CO3 (36 mg, 0.11 mmol), B2(pin)2 
(178 mg, 0.70 mmol), methanol (0.24 mL, 6.00 mmol), and tetrahydrofuran (1.4 mL). 
The crude material was purified on silica gel (3% ethyl acetate in hexanes) to give a 
mixture of diastereomers as a clear, colorless oil (116 mg, 68%) determined by 
1
H NMR..  
Diastereomer ratio from the diboration/oxidation sequence was then determined by 
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comparison of the 
1
H NMR spectra and was found to be greater than 20:1 in the directed 
diboration reaction. 
 
                  Non-Selective Diboration   Directed Diboration/Protection 
                                                                  
 
Proof of Stereochemistry: 
 The relative stereochemistry was determined to be syn by measuring the coupling 
constants of the carbonyl hydrogens from the 
1
H NMR of the tert-
butyldiphenyl(((4R,5R,6R)-2,2,5-trimethyl-6- phenethyl-1,3-dioxan-4-yl)methoxy)silane 
synthesized from the resulting triol.  
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Preparation of tert-butyldiphenyl(((4R,5R,6R)-2,2,5-trimethyl-6-phenethyl-1,3-
dioxan-4 -yl)methoxy)silane: 
 
 To an oven-dried 6-dram vial equipped with a magnetic stirbar was added 
(3R,4S,5S)-4-methyl-1-phenyl-5,6-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)hexan-3-yl acetate, sodium perborate hydrate (499 mg, 5 mmol), tetrahydrofuran (3 
mL), and water (3 mL).  Reaction was stirred for 1 h at room temperature. Then the 
reaction was diluted with ethyl acetate, and the organic layer was separated. The aqueous 
layer was extracted with ethyl acetate (3 x 15 mL), the organic layers were combined and 
dried over sodium sulfate, filtered, and concentrated by rotary evaporation.  The crude 
material was purified on silica gel (20% ethyl acetate in hexanes) to afford the acylated 
triol (61.6mg, 46% yield). Then to a 6-dram vial was added the acylated triol (62 mg, 
0.23 mmol), imidazole (19 mg, 0.28 mmol), and dichloromethane (2.5 mL) under a 
nitrogen atmosphere.  The reaction mixture was cooled to 0 °C, and tert-
butyldiphenylsilyl chloride (0.07 mL, 0.25 mmol) in dichloromethane was added. Then 
the reaction mixture was allowed to warm to room temperature and stir for 2 h, at which 
time it was quenched with saturated aqueous sodium bicarbonate. The organic layer was 
separated, washed with water and brine, dried over sodium sulfate, filtered, and 
concentrated by rotary evaporation.  The crude material was purified on silica gel (3% 
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ethyl acetate in hexanes) to afford the TBDPS-protected acylated triol (93 mg, 84%). 
Then, the TBDPS-protected acylated triol was placed in a 6-dram vial (93 mg, 0.19 
mmol) and was dissolved in methanol (2 mL).  Potassium carbonate (55 mg, 0.40 mmol) 
was added at room temperature and stirred for 2.5 h.  Then the methanol was evaporated 
and the residue was taken up in dichloromethane, washed with water and brine, dried 
over sodium sulfate, filtered, and concentrated by rotary evaporation.  The crude material 
was immediately redissolved in dichloromethane (2 mL). 2,2-dimethoxypropane (0.24 
mL, 2 mmol), and pyridinium p-toluenesulfonate (3 mg, 0.013 mmol) were added at 0 
°C. The reaction mixture was allowed to warm to room temperature and stir overnight 
under nitrogen. Then triethylamine was added and the reaction mixture was concentrated 
by rotary evaporation.  The crude material was purified on silica gel (3% ethyl acetate in 
hexanes) to afford the title compound as a white solid (61 mg, 93%). 
1
H NMR (500 MHz, CDCl3): δ 0.69 (3H, d, J = 7 Hz), 1.03 (9H, s), 1.36 (3H, s), 1.43 
(3H, s), 1.54 (1H, m), 1.65 (1H, m), 1.91 (1H, m), 2.60 (1H, m), 2.80 (1H, m), 3.38 (1H, 
), 3.47 (1H, ddd, J = 3.5 Hz, 4.5 Hz, 10 Hz), 3.71 (1H, dd, J = 4.5 Hz, 11.5 Hz), 3.74 
(1H, dd, J = 3.5 Hz, 11 Hz), 7.16 (3H, m), 7.25 (2H, m), 7.33-7.40 (6H, m), 7.67-7.72 
(4H, m); 
13
C NMR (100 MHz, CDCl3): δ 12.3, 19.6, 19.8, 27.0, 30.3, 31.4, 34.9, 35.1, 
65.9, 73.1, 75.7, 98.1, 125.8, 127.7, 127.7, 128.4, 128.8, 129.7, 134.1, 134.1, 135.9, 
136.0, 142.7; IR(neat): 2930.4 (m), 2856.5 (m), 1427.7 (m), 1378.5 (m), 1201.1 (m), 
1186.3 (m), 1166.4 (m), 1110.8 (s), 739.8 (m), 699.8 (s) cm
-1
; HRMS-(ESI+) for 
C32H42O3SiNa [M+Na]: calculated: 525.7523, found: 525.2803. 
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2-hexyl-6-phenylhexane-1,2,4-triol.  Prepared according to 
the general diboration oxidation procedure using 5-
methylene-1-phenylundecan-3-ol, (130 mg, 0.50 mmol), 
Cs2CO3 (49 mg, 0.15 mmol), B2(pin)2 (254 mg, 1.00 mmol), methanol (0.34 mL, 8.50 
mmol), and THF (1 mL).  The crude product was purified on silica gel (10-50% ethyl 
acetate in hexanes) to afford the title compound as a white solid (50 mg, 34%).   
1
H NMR (500 MHz, CDCl3): δ 0.87 (3H, t, J = 40 Hz), 1.31-1.10 (10H, m), 1.59-1.50 
(2H, m), 1.88-1.67 (2H, m), 2.51 (1H, s), 2.78-2.64 (2H, m), 2.86 (1H, s), 3.13 (1H, s), 
3.48-3.41 (2H, q, J = 10 Hz), 4.06-3.99 (1H, m), 7.20-7.15 (3H, m), 7.29-7.25 (2H, m); 
13
C NMR (100 MHz, CDCl3): δ 14.1, 22.6, 23.9, 29.9, 31.7, 31.9, 37.5, 40.1, 42.0, 68.2, 
68.7, 74.6, 126.0, 128.4, 128.5, 141.7; IR (neat): 3355.6 (br, m), 2927.7 (m), 2856.8 (m), 
1495.5 (w), 1454.4 (w), 1313.5 (w), 1057.0 (w), 1031.2 (m), 746.5 (w), 698.5 (m); 
HRMS-(ESI+) for C18H30O3 [M+H]: calculated: 295.2273, found: 295.2287. 
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Analysis of Stereochemistry: 
 The starting material was subjected to dihydroxylation with OsO4/NMO to give a 
mixture of diastereomers as determined by 
1
H NMR.  Diastereomer ratio from the 
diboration/oxidation sequence was then determined by comparison of the 
1
H NMR and 
was found to be 16.7:1.  Absolute stereochemistry was assigned by analogy. 
 
OsO4/NMO       Diboration/Oxidation 
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1-phenylnonane-2,4,5-triol.  The diboration was performed 
according to the representative procedure with (E)-1-phenylnon-4-
en-2-ol (109 mg, 0.5 mmol), B2(pin)2 (254 mg, 1.0 mmol), Cs2CO3 (53 mg, 0.15 mmol), 
methanol, (.34 mL, 8.5 mmol) and tetrahydrofuran (1 mL). The crude reaction mixture 
was purified by column chromatography on silica gel (25-100% ethyl acetate in hexanes) 
to afford a white solid (82 mg, 65%).  
1
H NMR (500 MHz, CDCl3): δ 0.90 (3H, t, J = 7.25 Hz), 1.24 – 1.52 (6H, m), 1.64 – 1.74 
(2H, m), 2.39 (1H, d, J = 6 Hz), 2.76 (1H, dd, J = 13.75 Hz, 7.75 Hz), 2.81 (1H, dd, J = 
13.5 Hz, 5.5 Hz), 2.85 (1H, br s), 3.37 – 3.41 (1H, m), 3.60 (1H, d, J = 3 Hz), 3.67 – 3.71 
(1H, m), 4.09 – 4.14 (1H, m), 7.21 – 7.26 (3H, m), 7.30 – 7.34 (2H, m); 13C NMR (100 
MHz, CDCl3): δ 14.0, 22.7, 27.9, 33.3, 39.2, 44.7, 73.1, 74.5, 74.6, 126.7, 128.7, 129.4, 
137.7; IR (neat): 3315.3 (s), 3232.1 (s), 3077.4 (w), 3061.3 (w), 3036.1 (s), 2955.2 (m), 
2914.0 (m), 2871.3 (m), 1497.3 (m), 1449.8 (m), 1093.9 (s), 1041.4 (s), 861.7 (m), 780.2 
(m), 700.2 (s) cm
-1
; HRMS-(ESI+) for C15H25O3 [M+H]: calculated: 253.1804, found: 
253.1801. 
 
Proof of Stereochemistry: 
 The diastereoselectivity was attained from SFC anaylsis, where the products of the 
reaction were compared to those products from an OsO4/NMO dihydroxylation of the 
substrate. 
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SFC (2EP 4.6x250, 35 °C, 3mL/min, 3% MeOH, 100 bar) 
                    Reaction Products (1)                                               OsO4/NMO (2) 
 
 
 
1 
 
 
2 
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1-(6-benzyl-2-phenyl-1,3-dioxan-4-yl)pentan-1-ol. The title 
compound was prepared as shown above using standard 
procedure. 
1
H NMR (500 MHz, CDCl3): δ 0.91 (3H, t, J = 7 
Hz), 1.26 – 1.42 (3H, m), 1.44 – 1.63 (5H, m), 2.36 (1H, d, J = 5 Hz), 2.80 (1H, dd, J = 
13.5 Hz, 6.5 Hz), 3.10 (1H, dd, J = 14 Hz, 7 Hz), 3.50 – 3.54 (1H, m), 3.66 – 3.70 (1H, 
m), 4.01 – 4.06 (1H, m), 5.54 (1H, s), 7.23 – 7.28 (3H, m), 7.30 – 7.40 (5H, m), 7.48 – 
7.51 (2H, m); 
13
C NMR (150 MHz, CDCl3): δ 14.0, 22.7, 27.6, 32.0, 32.3, 42.5, 73.8, 
77.4, 79.7, 100.5, 126.1, 126.5, 128.2, 128.4, 128.8, 129.5, 137.6, 138.4; IR (neat): 
3576.7 (w), 3461.4 (w), 2953.7 (m), 2928.6 (m), 2858.6 (m), 1602.3 (w), 1495.0 (m), 
1453.7 (m), 1400.0 (m), 1376.4 (m), 1106.2 (s), 1011.7 (s), 750.7 (s), 698.2 (s) cm
-1
; 
HRMS-(ESI+) for C22H29O3 [M+H]: calculated: 341.2117, found: 341.2119. 
 123 
 
 
 124 
 
 
 125 
 
 
 126 
 
 
 
 
 127 
 
1-phenylnonane-2,4,5-triol. The diboration was performed 
according to the representative procedure with (Z)-1-phenylnon-4-
en-2-ol (109 mg, 0.5 mmol), B2(pin)2 (254 mg, 1.00 mmol), Cs2CO3 (49 mg, 0.15 mmol), 
methanol (0.34 mL, 8.50 mmol) in tetrahydrofuran (1 mL). The crude reaction mixture 
was purified by column chromatography on silica gel (25-100% ethyl acetate in hexanes) 
to afford a white solid (100 mg, 79%). 
1
H NMR (500 MHz, CDCl3 with one drop of D2O): δ 0.90 (3H, t, J = 7 Hz), 1.26 – 1.52 
(6H, m), 1.62 – 1.74 (2H, m), 2.74 (1H, dd, J = 13.25 Hz, 8.25 Hz), 2.84 (1H, dd, J = 
13.75 Hz, 4.25 Hz), 3.59 (1H, quin, J = 4.25 Hz), 3.78 (1H, dt, J = 9 Hz, 3.25 Hz), 4.06 – 
4.11 (1H, m), 4.71 (1H, br s), 7.20 – 7.24 (3H, m), 7.31 – 7.34 (2H); 13C NMR (100 
MHz, CDCl3): δ 14.0, 22.7, 28.2, 31.6, 36.1, 44.8, 73.3, 74.2, 75.0, 126.8, 128.7, 129.4, 
137.6; IR (neat): 3319.1 (s), 3246.4 (s), 3088.1 (w), 3060.9 (w), 3031.6 (s), 2950.0 (m), 
2913.4 (m), 2870.8 (m), 1495.9 (m), 1451.8 (m), 1091.1 (s), 1046.9 (s), 853.7 (m), 748.4 
(m), 695.6 (s) cm
-1
; HRMS-(ESI+) for C15H25O3 [M+H]: calculated: 253.1804, found: 
253.1794. 
 
Proof of Stereochemistry: 
 The diastereoselectivity was attained from SFC anaylsis, where the products of the 
reaction were compared to those products from an OsO4/NMO dihydroxylation of the 
substrate. To prove relative stereochemistry, the triol was crystallized out of hexane and 
methanol (long needle-like crystal) (CCDC 994276). 
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SFC (2EP 4.6x250, 35 °C, 3mL/min, 3% MeOH, 100 bar) 
 
                    Reaction Products (1)                                      OsO4/NMO (2) 
              
            
1 
 
 
2 
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anti-2-methyl-6-phenylhexane-2,3,5-triol. The diboration was 
performed according to the representative procedure with 5-
methyl-1-phenylhex-4-en-2-ol (95 mg, 0.50 mmol), B2(pin)2 (254 mg, 1.00 mmol), 
Cs2CO3 (49 mg, 0.15 mmol), methanol (0.34 mL, 8.50 mmol) in tetrahydrofuran (1 mL). 
The crude reaction mixture was purified by column chromatography on silica gel (50-
100% ethyl acetate in hexanes) to afford a white solid (62 mg, 55%).  
1
H NMR (400 MHz, CDCl3): δ 1.11 (3H, s), 1.16 (3H, s), 1.51 - 1.65 (2H, m), 2.70 – 
2.82 (2H, m), 3.73 (1H, dd, J = 10 Hz, 2.8 Hz), 4.09 – 4.15 (1H, m), 7.18 – 7.30 (5H, m); 
13
C NMR (100 MHz, CDCl3): δ 23.4, 26.4, 37.1, 43.9, 70.1, 72.9, 74.6, 76.7, 126.5, 
128.6, 129.4, 138.4; IR (neat): 3385.0 (m), 2971.4 (m), 2921.5 (m), 1496.0 (m), 1377.6 
(m), 1225.4 (m), 1056.9 (s), 743.9 (m), 699.2 (s) cm
-1
; HRMS-(ESI+) for C13H21O3 
[M+H]: calculated: 225.1491, found: 225.1490. 
 
Proof of Stereochemistry: 
 The diastereoselectivity was attained from SFC anaylsis, where the products of the 
reaction were compared to those products from an OsO4/NMO dihydroxylation of the 
substrate.  To prove relative stereochemistry, the triol was crystallized out of 
hexane/ethyl acetate (CCDC 994278). 
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SFC (2EP 4.6x250, 35 °C, 3mL/min, 3% MeOH, 100 bar) 
 
                     Reaction Products (1)                                      OsO4/NMO (2) 
 
  
1 
 
2 
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3-(hydroxy(phenyl)methyl)cyclohexane-1,2-diol. The diboration 
was performed according to the representative procedure with 
cyclohex-2-enyl(phenyl)methanol (94.1 mg, 0.5 mmol), Cs2CO3 (49 mg, 0.15 mmol), 
B2(pin)2 (254 mg, 1.00 mmol), methanol (0.34 mL, 8.50 mmol), and tetrahydrofuran (1 
mL). The crude material was purified on silica gel (30-100% ethyl acetate in hexanes) to 
afford the title compound as a white solid (103 mg, 94%).  
1
H NMR (500 MHz, CD3OD): δ 1.27 (1H, ddd, J = 4 Hz, 4 Hz, 13 Hz), 1.51 (1H, ddd, J 
= 4 Hz, 8 Hz, 12.5 Hz), 1.62 (3H, m), 1.78 (2H, m), 3.37 (1H, ddd, J = 3 Hz, 5 Hz, 12 
Hz), 3.52 (1H, s), 4.73 (1H, d, J = 8 Hz), 7.25-7.28 (1H, m), 7.33-7.36 (2H, m), 7.40-7.41 
(2H, m); 
13
C NMR (100 MHz, CD3OD): δ 20.3, 23.1, 27.6, 48.2, 71.5, 72.6, 76.4, 127.0, 
127.4, 128.3, 144.3; IR (neat): 3360.7, 2936.4, 2861.1, 1449.9, 1093.7, 1070.0, 979.2, 
762.4, 702.4, 652.4; HRMS-(ESI-) for C13H17O3 [M-H]: calculated: 221.1178, found: 
221.1182. 
 
Analysis of Stereochemistry: 
 The starting material was subjected to dihydroxylation with osmium tetroxide and 
4-methylmorpholine N-oxide to give a mixture of diastereomers as determined by 
1
H 
NMR.  Diastereomer ratio from the diboration/oxidation sequence was then determined 
by comparison of the 
1
H NMR spectra and was found to be greater than 20:1. 
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                              OsO4/NMO   Diboration/Oxidation 
                                                               
 
Proof of Stereochemistry: 
 The relative stereochemistry was determined as syn by NOESY NMR of the 2,4-
diphenylhexahydro-4H-benzo[d][1,3]dioxin-8-ol synthesized from the resulting triol in 
the sequence shown below. 
 
 To a mixture of 3-(hydroxy(phenyl)methyl)cyclohexane-1,2-diol (45 mg, 0.20 
mmol) and (dimethoxymethyl)benzene (0.1 mL, 0.5 mmol) in THF (2 mL), added p-
toluenesulfonic acid monohydrate (2 mg, 0.01 mmol). The reaction mixture was allowed 
to stir overnight at room temperature. Then the reaction mixture was concentrated by 
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rotary evaporation and purified on silica gel (10% ethyl acetate in hexanes) to afford the 
title compound as a white solid (36 mg, 58%). 
1
H NMR (500 MHz, CDCl3): δ 0.94 (1H, m), 1.12 (1H, qt, J = 3.5 Hz, 13.5 Hz), 1.60 
(2H, m), 1.70 (1H, m), 1.77 (2H, m), 2.33 (1H, b), 3.62 (1H, b), 4.32 (1H, s), 5.06 (1H, d, 
J = 2.5 Hz), 5.77 (1H, s), 7.24 (1H, m), 7.32 (4H, m), 7.38-7.43 (3H, m), 7.58-7.61 (2H, 
m); 
13
C NMR (100 MHz, CDCl3): δ 19.1, 23.0, 30.0, 40.7, 71.9, 79.3, 81.2, 101.9, 125.5, 
126.7, 127.3, 128.3, 128.4, 129.2, 138.8, 139.9; IR(neat): 2938.5 (m), 1449.8 (m), 1404.6 
(m), 1157.9 (m), 1062.0 (s), 1009.9 (s), 763.2 (m), 719.6 (m), 698.0 (s) cm
-1
; HRMS-
(ESI+) for C20H23O3 [M+H]: calculated: 311.1647, found: 311.1641. 
 
 
Observed Nuclear Overhauser Effects 
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1-isopropyl-3,4-bis(4,4,5,5-tetramethyl-1,2,3-dioxaborolan-2-
yl)cyclopentanol. The diboration was performed according to the 
general procedure with slight modifications using 1-isopropylcyclopent-
3-en-1-ol (63 mg, 0.50 mmol), Cs2CO3 (49 mg, 0.15 mmol), B2(pin)2 (254 mg, 1.00 mmol), 
methanol (0.34 mL, 8.50 mmol), and THF (1 mL).  No oxidation was performed.  The crude 
reaction mixture was purified on silica gel (5-10% ethyl acetate in hexanes) to afford the 
product as a white solid (116 mg, 61%). 
1
H NMR (500 MHz, CDCl3): δ 1.94-1.90 (2H, m), 1.66 (2H, dd, J = 14.0 Hz, 6 Hz), 
1.46-1.43 (1H, m), 1.25-1.23 (25H, m), 1.20 (1H, d, J = 4.5 Hz), 0.93 (3H, s), 0.92 (3H, 
s); 
 13
C NMR (100 MHz, CDCl3): δ 85.1, 83.3, 42.5, 37.4, 25.0, 24.9, 24.8, 17.7; IR 
(neat): 3524.3 (w), 2975.6 (m), 2932.2 (m), 2874.4 (m), 1378.4 (m), 1307.4 (m), 1143.2 
(m), 1007.0 (m), 858.2 (m); HRMS-(ESI+) for C20H38B2O5 [M+HH2O]: calculated: 
363.2878, found: 363.2893. 
 
Analysis of Stereochemistry: 
 Diastereomer ratio was determined to be greater than 20:1 based on analysis of 
1
H 
and 
13
C NMR data. 
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Proof of Stereochemistry: 
 To prove relative stereochemistry, the compound was subjected to standard 
oxidation conditions and the triol was crystallized out of hexanes, ethyl acetate, and 
methanol to form colorless plates (CCDC 994108). 
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2,2-dimethyl-4,5-bis(4,4,5,5-tetramethyl-1,2,3-dioxaborolan-2-
yl)cyclohexanol. The diboration was performed according to the 
general procedure with using 6,6-dimethylcyclohex-3-en-1-ol (63 
mg, 0.50 mmol), Cs2CO3 (49 mg, 0.15 mmol), B2(pin)2 (254 mg, 1.00 
mmol), methanol (0.34 mL, 8.50 mmol), and THF (1 mL).  No oxidation was performed.  
The crude reaction mixture was purified on silica gel (5-10% ethyl acetate in hexanes) to 
afford the product as a white solid (143 mg, 75%). 
1
H NMR (500 MHz, CDCl3): δ 3.36 (1H, br s), 1.95 (1H, br s), 1.80-1.69 (3H, m), 1.25-
1.20 (26H, m), 0.90 (6H, br s); 
13
C NMR (100 MHz, CDCl3): δ 83.2, 82.8, 75.0, 31.8, 
25.0, 24.8, 24.6; IR (neat): 3490.4 (w), 2976.2 (m), 2929.6 (m), 2865.4 (m), 1378.4 (m), 
1305.1 (m), 1214.1 (m), 967.0 (m), 855.2 (m) cm
-1
; HRMS-(ESI+) for C20H38B2O5 
[M+H]: calculated: 381.2984, found: 381.2978. 
 
Analysis of Stereochemistry: 
 Diastereomer ratio was determined to be greater than 20:1 based on analysis of 
1
H 
and 
13
C NMR data. 
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Proof of Stereochemistry: 
 Recrystallized from ethyl acetate and hexanes (CDCC 994277). 
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Nonane-1,2,5-triol. The diboration was performed according to 
the representative procedure with non-1-en-5-ol (36 mg, 0.25 
mmol), B2(pin)2 (127 mg, 0.50 mmol), Cs2CO3 (26 mg, 0.075 mmol), methanol (0.17 
mL, 4.25 mmol) in tetrahydrofuran (1 mL). The crude reaction mixture was purified on 
silica gel (50-100% ethyl acetate in hexanes) to afford a white solid (31 mg, 70%).  
1
H NMR (500 MHz, CDCl3): δ 0.91 (3H, t, J = 7 Hz), 1.24 – 1.72 (10H, m), 2.24 (2H, br 
s), 3.03 (1H, br s), 3.48 (1H, dd, J = 11 Hz, 7.5 Hz), 3.65 (1H, dd, J = 11.25 Hz, 3.25 
Hz), 3.65 – 3.69 (m, 1H), 3.73 – 3.77 (1H, m); 13C NMR (100 MHz, CDCl3): δ 14.0, 
22.7, 27.9, 29.1, 33.0, 37.1, 66.8, 71.8, 72.1; IR (neat): 3310.7 (m), 2952.7 (m), 2934.5 
(m), 2871.7 (m), 858.7 (m), 1466.4 (m), 1442.1 (m), 1342.9 (m), 1046.2 (m), 1013.3 (s), 
965.4 (m), 870.6 (m), 504.8 (m) cm
-1
; HRMS-(ESI+) for C9H21O3 [M+H]: calculated: 
177.1491, found: 177.1488.  
 
Proof of Stereochemistry: 
 The diastereoselectivity was attained from SFC anaylsis, where the TBDPS-
protected products of the reaction were compared to the TBDPS-protected products from 
an OsO4/NMO dihydroxylation of the substrate.  To prove relative stereochemistry, the 
TBDPS-protected product was synthesized using asymmetric reactions to make to enatio-
enriched TBDPS-protected product. 
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Preparation of 1-((tert-butyldiphenylsilyl)oxy)nonane-2,5-diol: 
 
 
 
 
 
 
 
The title compound was prepared as shown above 
using standard procedure. 
1
H NMR (500 MHz, 
CDCl3): δ 0.90 (3H, t, J = 7 Hz), 1.07 (9H, s), 1.20 – 1.67 (10H, m), 3.51 (1H, dd, J = 
10.25 Hz, 7.75 Hz), 3.56 – 3.62 (1H, m), 3.65 (1H, dd, J = 10.5 Hz, 3.5 Hz), 3.76 (1H, 
sep, J = 4 Hz), 7.38 – 7.46 (6H, m), 7.65 – 7.67 (4H, m); 13C NMR (100 MHz, CDCl3): δ 
14.1, 19.2, 22.7, 26.8, 27.9, 29.4, 33.9, 37.3, 68.0, 71.9, 72.1, 127.8, 129.8, 133.1, 135.5; 
IR (neat): 3347.2 (w), 2954.0 (m), 2929.2 (m), 2857.5 (m), 1463.1 (m), 1427.4 (m), 
1111.4 (s), 701.0 (s), 613.5 (m), 504.5 (s) cm
-1
; C25H35O2Si [M-H2O]: calculated: 
395.24063, found: 395.24176. 
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      Reaction Products (1)                OsO4/NMO (2)                Synthesized authentic pdt (3) 
  
1 
 
 
2 
 
 
3 
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Undecane-1,2,6-triol.  Prepared according to the general 
diboration/oxidation procedure using undec-1-en-6-ol (85 
mg, 0.50 mmol), Cs2CO3 (49 mg, 0.15 mmol), B2(pin)2 (254 mg, 1.00 mmol), methanol 
(0.34 mL, 8.50 mmol), and THF (1 mL).  The crude product was purified on silica gel 
(25-50% ethyl acetate in hexanes) to afford the title compound as a white solid (79 mg, 
77%).   
1
H NMR (500 MHz, CDCl3): δ 1.21 (3H, s), 1.49-1.44 (1H, d, J = 25 Hz), 1.86-1.70 (3H, 
m), 2.79-2.64 (2H, m), 3.41 (2H, s), 4.11-4.04 (1H, m), 7.20-7.15 (3H, m), 7.30-7.25 
(2H, m); 
13
C NMR (100 MHz, CDCl3): δ 23.8, 31.8, 40.0, 40.7, 68.3, 70.8, 73.1, 125.9, 
128.4, 128.5, 141.7; IR (neat): 3331.2 (br, m), 2925.9 (m), 2862.4 (w), 1453.5 (m), 
1046.4 (s), 897.2 (m), 849.2 (m), 746.2 (s), 697.8 (s); HRMS-(ESI+) for C11H24O3  
[M+H]: calculated: 205.1804, found: 205.1806; melting point: 77-80 °C. 
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Analysis of Stereochemistry: 
 The starting material was subjected to dihydroxylation with osmium tetroxide and 
4-methylmorpholine N-oxide to give a mixture of diastereomers as determined by 
1
H 
NMR.  Diastereomer ratio from the diboration/oxidation sequence was then determined 
by comparison of the 
1
H NMR and was found to be 1:1. 
 
                             OsO4/NMO   Diboration/Oxidation 
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4-methoxy-5-phenylpentane-1,2-diol. The diboration was 
performed according to the representative procedure with (2-
methoxypent-4-en-1-yl)benzene (88 mg, 0.5 mmol), B2(pin)2 (254 mg, 1 mmol), Cs2CO3 
(53 mg, 0.15 mmol), methanol (.34 mL, 8.5 mmol) in tetrahydrofuran (1 mL). The crude 
reaction mixture was purified by on silica gel (50-100% ethyl acetate in hexanes) to 
afford a clear, colorless oil (80 mg, 76%).  
1
H NMR (500 MHz, CDCl3): δ 1.45 (0.5H, ddd, J = 16 Hz, 8.25 Hz, 3.25 Hz), 1.51-1.69 
(1.5H, m), 2.71 (1H, ddd, J = 13.5 Hz, 8.25 Hz, 7.25 Hz), 2.98 (1H, dt, J = 13.5 Hz, 5 
Hz), 3.36 – 3.42 (0.5H, m), 3.37 (1.5H, s), 3.42 (1.5H, s), 3.51 (0.5H, dd, J = 11.5, 4 Hz), 
3.55 (0.5H, dd, J = 11.5 Hz, 3.5 Hz), 3.64 - 3.73 (1H, m), 3.80 - 3.85 (0.5H, m), 3.94 - 
3.98 (0.5H, m), 7.17 - 7.23 (3H, m), 7.26 - 7.31 (2H, m); 
13
C NMR (100 MHz, CDCl3): δ 
24.8, 36.1, 36.7, 39.7, 39.8, 56.7, 57.3, 66.6, 66.9, 69.3, 71.7, 80.0, 82.8, 126.3, 126.4, 
128.4, 128.5, 129.4, 129.5, 137.7, 138.2; IR (neat): 3380.4 (m), 2931.0 (m), 2828.0 (w), 
1602.9 (w), 1495.1 (m), 1453.8 (m), 1082.7 (s), 746.3 (m), 700.1 (s) cm
-1
; HRMS-(ESI+) 
for C12H19O3 [M+H]: calculated: 211.1334, found: 211.1336. 
 
Proof of Stereochemistry: 
 Diastereomer ratio was determined to be 1:1 based on analysis of the 
1
H NMR 
spectrum. 
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